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FOREWORD 


This  report  was  prepared  'ey  Ashland  Oil  A  Refining  Company,  Inc. 
under  Contract  AF33(  657) -11097  •  The  contract  was  initiated  under 
Project  Bo.  3046,  Task  Ho.  304801,  and  v&b  idad.nl stered  by  the  Air 
Force  Aero  Provision  Laboratory,  Fuels  and  Lubricants  Branch,  Wright - 
Patterson  Air  Force  Base,  Ohio,  with  Nr.  H.  R.  lander  as  project 
engineer. 

This  report  covers  work  performed  frost  initiation  of  the  contract 
effort  on  JUne  15,  1963,  to  Jtey  15,  1964. 


The  work  waa  directed  for  Ashland  Oil  A  Refining  Company  by 
Nr.  Arnold  M.  Leas. 


ABSTRACT 


The  thermal  stability  of  nineteen  degraded  JP-6  type  jet  fuels  vas 
improved  to  a  level  in  excess  of  the  present  MIL-J-25656B  specification 
requirement  by  a  filtration  treatment.  The  improved  thermal  stability 
of  these  reclaimed  fuels  vas  retained  for  more  than  six  months  of 
ambient  temperature  storage. 

The  ASTM-CRC  Cbker  vas  used  to  measure  thermal  stability.  The 
coker  ratings  could  not  be  correlated  quantitatively  vitb  the  chemical 
and  physical  analyses  because  of  the  minute  quantity  of  the  contaminants 
Hovever,  vith  the  use  of  filter  media  these  contaminants  vere  concen¬ 
trated  sufficiently  to  shov  some  degree  of  correlation  vith  the  coker 
ratings. 

Many  of  the  additives  present  in  these  military  fuels  as  well  as 
those  considered  as  possible  future  additives  vere  removed  in  varying 
degrees  by  reclamation  filtration.  The  generation  of  static  electricity 
filter  media  life,  process  economics,  and  design  variables  vere  other 
parameters  which  vere  investigated. 


This  technical  documentary  report  has  been  reviewed  and  is  approved 


iUd 


►fere  P.  Dunnam 


Chief,  Techrical  Support  Division 
AF  Aero  Propulsion  Laboratory 
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I,  IHTRODUCTIOH  A  HD  OBJECTIVES 


There  exists  &  gap  in  quality  level  of  high -temperature  jet  fuel 
between  the  shipping  point  and  the  use  point.  One  possible  process  method 
to  eloae  this  gap  in  quality  level  is  to  pump  the  jet  fuel  through  an 
in-field  reclamation  filter  at  the  use  point* 

Prior  to  the  date  (June  14,  1963)  of  this  contract  award,  the 
contractor  had  developed,  independently  and  wholly  upon  his  own  initiative, 
a  process  for  rehabilitating  thermally  degraded  jet  fuels  upon  which  the 
contractor  has  filed  a  patent  application  on  April  30,  1963,  as  Serial  Ho. 
276865  for  United  States  Letter  Patent.  It  has  been  demonstrated  commer¬ 
cially  within  the  last  five  years  that  this  process  has  the  ability  to 
restore  degraded  jet  fuels  at  the  refinery  or  use  point  to  a  quality  level 
as  good  or  better  than  the  original  refined  fuel  at  the  production  point. 
The  Air  Force,  by  acceptance  of  the  contractor's  proposal,  desired  the 
contractor  to  test  the  process  with  a  wide  range  of  degraded  fuels  to 
determine  the  full  limitations  and  capabilities  of  such  process  for 
possible  Air  Force  use.  Details  of  this  contractual  agreement  are  avail¬ 
able  from  the  proper  agency  within  the  Air  Force. 

Business  ethics  made  it  difficult  to  document  all  of  the  case 
histories  which  resulted  in  considerable  economic  loss  to  the  military, 
engine  builders,  and  fuel  suppliers  as  a  result  of  degradation  of  delivered 
fuels  which  were  rejected  at  the  destination  points  because  of  loss  in 
thermal  stability.  In  some  cases  some  of  the  degraded  fuels  in  large 
storage  tanks  had  to  be  downgraded  into  JP-4  type  fuels  by  blending  higher 
vapor  pressure  components  to  meet  the  quality  standards  even  on  the  down¬ 
graded  products.  In  other  cases  the  fuel  suppliers  had  to  absorb  the 
round-trip  freight  cost  for  returning  the  fuels  to  the  production  point 
and  the  additional  rehabilitation  expense  at  the  refinery..  In  the  interim 
period  of  such  cases  the  consumer  was  either  required  to  discontinue  hie 
operations  or  to  procure  alternate  supplies.  This  new  parameter  of 
instability  of  such  fuels  during  transit  and  storage  is  obviously 
untenable  for  both  the  supplier  and  the  consumer.  A  lew  years  ago  a 
solution  to  this  problem  was  found  by  the  use  of  in-field  reclamation 
filters.  The  success  of  these  commercial  reclamation  units  at  the  use 
points  during  the  last  few  years  attracted  *ae  attention  of  the  military 
to  evaluate  this  process  for  rehabilitating  many  different  types  of 
degraded  fuels  on  a  pilot  plant  basis.  Hence,  this  research  effort  was 
initiated  and  completed  to  determine  the  full  capabilities  and  limitations 
of  this  process. 


Manuscript  released  by  the  author  June  196k  for  publication  as  an  ASD 
Technical  Documentary  Report. 


Recently  the  contractor  has  installed  five  additional  commercial 
filters  at  use  point  terminals  for  various  processing  rates  ranging  from 
150  GPM  to  1500  GPM.  The  purpose  of  these  new  filters  is  to  insure  the 
removal  of  all  degrading  contaminants  that  may  accumulate  during  previous 
storage  and  transportation  by  barge,  tanker,  tank  car,  tank  truck,  and 
pipeline. 

In  addition  to  reclamation  filtering,  other  methods  of  fuel  rehabili¬ 
tation  were  considered.  The  redistillation  method  can  be  used  quite 
successfully  to  reclaim  degraded  jet  fuels.  Table  1  shows  that  most  of 
the  contaminants  and  additives  c an  be  concentrated  in  the  5$  distillation 
residue  as  a  reject  by-product.  The  95$  distillation  overhead  is 
relatively  free  of  contaminants  and  quite  thermally  stable.  The  test  data 
on  redisti  lation  products  listed  in  Table  1  show  that  the  5$  residue 
concentrated  such  contaminants  as  copper,  lead,  indenes,  naphthalenes,  and 
peroxides .  The  residual  additives  were  also  concentrated  in  the  5$ 
distillation  residue. 

However,  redistillation  is  not  a  very  practical  method  to  use  in  the 
field  because  of  its  prohibitive  cost,  i,e.  the  direct  operating  cost  of 
redist illation  reclamation  ranges  between  0,5  and  2.0^/gallon.  The  total 
operating  cost  of  such  redistillation  at  the  use  point  is  prohibitive. 

The  hydrotreating  process  can  be  used  quite  successfully  to  rehabilitate 
degraded  fuels.  Hydrotreating  removes  oxygenated,  sulfonated,  halogenated, 
and  nitrogenated  organic  contaminants  as  acidic  vent  gases.  Again,  such 
hydrotreating  operating  costs  are  prohibitive  (1  to  3^/gaHon)  with  some 
material  loss  as  light  catalytic  cracked  by-products.  Another  adverse 
economic  consideration  is  that  hydrotreating  catalyst  is  poisoned  by  jet 
fuel  contaminants  and  additives. 

At  the  beginning  of  this  research  project,  the  contractor  set  aside 
about  gallons  of  degraded  jet  fuels  in  isolated,  clean,  carbon 

steel  storage  tanks  or  drums  to  be  available  as  required.  Tables  2  and  3 
show  the  code  identification  system  for  all  of  these  fuels.  To  differen¬ 
tiate  these  storage  degraded  fuels  for  this  reclamation  work,  the  first 
ten  fuels  received  from  the  Aero  Propulsion  laboratory  were  recoded 
Reclaim  Nos.  1  through  10.  These  Air  Force  coded  commercial  JP-6  and 
thermally  stable  fuels  were  produced  by  several  different  suppliers.  They 
were  all  specification  products  at  the  shipping  point  but  had  become 
thermally  unstable  in  the  customers'  tankage.  These  fuels  were  drummed, 
retested  in  the  Aero  Propulsion  laboratory  to  confirm  the  bad  coker 
ratings,  and  shipped  to  the  contractor  for  processing  through  reclamation 
filters.  Reclaim  Nos.  11  and  12  fuels  had  previously  been  in  terminal 
and  customer's  storage  for  about  two  years.  These  fuels  were  likewise 
shipped  as  specification  fuels  at  the  snipping  point,  but  had  become 
thermally  unstable  in  the  customer's  tankage  after  about  one  year's 
storage..  Two  transport  truck  loads  of  each  of  these  fuels  were  purchased 
by  the  contractor  and  stored  in  clean  carbon  steel  tanks.  Reclaim  Nos.  13 
through  19  were  blends  of  Reclaim  Nc.  12  and  thermally  stable  fuels, 
thereby  providing  varying  degrees  of  thermal  instability. 


To  date  about  5,000  gallons  of  these  fuels  have  been  processed 
through  three  coker  machines  aid  about  9*000  gallons  have  been  processed 
through  twelve  reclamation  filter  pilot  plants.  Fifty -five  gallons  of 
each  of  the  nineteen  fuels  have  been  filtered  and  placed  in  ambient 
storage  without  readdition  of  adult l ves .  An  additional  drum  of  each  of 
Reclaim  Bos.  11  through  19  has  been  filtered  and  stored  with  readdition 
of  additives*  All  of  these  filtered  fuels  have  been  tested  on  the  coker 
following  the  three  and,  six  month  storage  periods  at  ambient  temperature. 
These  fuels  were  stored  under  the  same  roof  where  the  ambient  tempera¬ 
tures  during  the  course  of  this  period  varied  from  plus  10  to  plus  100  F 
and  the  relative  humidity  varied  from  20  to  100$.  The  storage  containers 
were  vented  to  the  air  for  normal  breathing.  The  residual  filtered  fuel 
samples  have  been  forwarded  to  the  Aero  Propulsion  laboratory  for  long 
time  storage  evaluation. 

This  report  shows  performance  data  obtained  from  existing  commercial 
and  laboratory  filter  units  as  the  result  of  processing  many  storage 
degraded  fuels.  Hie  primary  objectives  of  this  research  effort  were  to; 

1.  investigate  treating  methods  to  rehabilitate  storage  degraded 

fuels. 

2.  test  the  performance  of  a  reclamation  filter  for  processing 
many  different  Jet  fuels  that  bad  degraded  during  storage  at 
air  bases  and  terminals. 

3.  document  all  useful  test  data  obtained  from  nineteen  contract 
fuels  before  and  after  reclamation  filtering  to  permit 
defining  the  detrimental  contaminants  that  caused  the 
degradation  of  the  fuels. 

4*  recheck  the  coker  ratings  on  these  reclamation  filtered  fuels 
after  additional  storage  at  ambient  temperature.  These  coker 
ratings  were  made  after  three  months  and  six  months  to 
determine  whether  or  not  degradation  would  occur  again  on 
these  reclaimed  filtered  fuels. 

5.  determine  the  effect  of  additives  and  designated  contaminants 
on  the  reclamation  filtering  process. 

6.  determine  whether  the  reclamation  filter  unit  would  remove 
detrimental  contaminants,  viz.  biological,  organic  and 
inorganic  (soluble  and  insoluble),  and  moisture. 

7.  determine  the  effect  af  design  and  operating  variables  of  the 
reclamation  filtering  process, 

8.  recommend  the  optimum  design  of  a  field  filtration  unit  that 
would  be  useful  and  practical  to  the  military  for  rehabili¬ 
tating  storage  degraded  Jet  fuels. 


IS.  METHOD  FOR  RSCLAMTION  FIXTRATIOH 


As  shown  in  Figure  1,  the  reclamation  filter  unit  consists  of  two 
zones.  In  the  first  zone  the  fuel  flows  upward  through  a  chemical  dryer 
which  consists  of  a  free  water  coalescing  and  settling  area  with  bottom 
water  drain  facilities  and  a  chemical  drying  area  removing  emulsified 
and  soluble  water.  In  the  second  zone  the  dried  fuel  flows  downward 
through  a  filter  which  consists  of  a  fine  mesh  activated  media  which 
removes  particulate  matter  (including  subaicronic),  soluble  chemical 
and  biological  contaminants,  etc.;  a  coarse  mesh  activated  media  which 
completely  retains  the  above  media;  and  three  additional  layers  of 
coarser  but  completely  inert  graded  metallurgical  aggregate  disengaging 
clean  fuel  and  completely  retaining  the  filter  media* 

Carbon  steel  vessels  have  been  used  successfully  to  minimize  the  cost 
and  to  provide  flexibility  in  charging  and  dumping  the  filter  media.  To 
date  the  standard  media  continue  to  be  most  successful;  however,  the  same 
hardware  could  readily  adapt  itself  to  possible  improved  filter  media. 

With  the  use  of  this  filter  the  data  presented  later  in  this  report 
demonstrate  thi-t  this  process  can  remove  detrimental  contaminants,  viz. 
biological,  organic  and  inorganic  (soluble  and  insoluble),  and  moisture. 


III.  DISCUSSIOH 


Therm  1  Stability  of  the  Test  Fuels 

The  Standard  ASTM-CRC  Coker  and  the  Modified  Coker  were  used  to 
measure  thermal  stability  of  the  test  fuel  samples.  Figures  2,  8, 
14,  and  20  (bar  graphs )  show  the  maxi  ram  preheater  coker  ratings 
(450/550/6)  for  the  test  fuel  samples:  the  degraded  fuel  as 
received,  treated  fuel  immediately  after  reclamation  filtration, 
treated  fuel  six  months  after  reclamation  filtration.  Figures  3 
through  7,  9  through  15,  15  through  19,  and  21  through  2k  (photo¬ 
graphs  of  coker  preheater  tubes)  show  comparative  thermal  stability 
ratings  for  all  fuels  before  and  after  filtration  treatment.  In 
the  photographic  work,  it  was  necessary  to  fabricate  a  large 
tuberator  housing  in  order  to  obtain  authentic  photographs  of  the 
maximum  deposits  on  the  cylindrical  preheater  tubes.  By  this  means 
the  photographs  are  comparable  to  vis  via.  1  inspection  through  the 
standard  tuberator. 

All  of  the  filtered  fuels  were  improved  from  failing  (425/525/6) 
to  passing  on  thermal  stability  as  measured  by  the  coker  rig  when 
operated  at  450/550/6  severity.  likewise  this  improved  thermal 
stability  rating  of  the  filtered  fuels  remained  at  the  passing 
level  after  both  the  three  months  and  six  months  storage  periods 
at  ambient  conditions, 

Appendix  I  shows  the  complete  coker  preheater  ratings  from  which 
the  graphical  data  were  obtained.  Appendix  II  shows  the  coker 
threshold  stability  data  on  the  original  fuels  (Reclaim  Nos.  1 
through  10)  as  rated  by  the  Aero  Propulsion  Laboratory.  Nearly 
all  of  the  unfiltered  fuels  tested  continued  to  drop  in  thermal 
stability  during  the  same  storage  time  and  under  the  same 
conditions.  The  data  in  Appendix  III  show  the  continued 
degradation  of  the  unfiltered  fuels  during  storage  through  the 
contract  period. 

The  coker  test  data  listed  in  Table  4  show  that  processing  doctor 
treated  kerosene  through  the  reclamation  filter  increased  the 
initial  coker  threshold  temperature  from  375A75/6  to  475/575/6. 
Table  5  shews  the  physical  and  chemical  test  data  for  the  original 
doctor  treated  kerosene.  Generally  speaking,  an  aged  doctor 
treated  kerosene  can  be  filtered  to  gain  about  50°F  coker  threshold 
temperature  whereas  a  desulfurized  aged  kerosene  can  be  filtered  to 
gain  about  150*F  coker  threshold  temperature. 


B.  Physical  and  Chemical  Tests  on  Fuels 

Table  6  shows  comparative  physical  and  chemical  test  data  for  all 
fuel  samples  included  in  this  program i  the  degraded  fuel  as 
received.,  treated  fuel  immediately  after  reclcaaation  filtration, 
treated  fuel  six  months  after  reclamation  filtration.  Appendix  IV 
lists  the  sources  of  the  chemical  and  physical  laboratory  procedures. 

These  comparative  physical  and  chemical  test  data  failed  to  identify 
clearly  the  offensive  contaminants.  However,  these  test  results  did 
show  in  most  cases  that  in  the  filtered  fuel  samples  there  was  some 
reduction  in  olefins,  peroxides,  indenes,  pyrrole  and  basic  nitrogen, 
surfactants  including  organic  sulfonates,  naphthalenes,  naphthenic 
acids,  sulfur,  iron,  lead,  copper,  phenols,  spent  additives,  soluble 
water,  gums,  and  particulate  matter.  Likewise,  in  the  filtered  fuel 
samples  the  water  separating  characteristics  were  improved  as 
measured  by  the  water  tolerance,  WSI,  and  WSIM  tests.  The  regenera- 
tion  of  the  filter  media  also  confirmed  that  these  same  contaminants 
were  removed  from  the  treated  fuels  during  the  filter  operation. 

These  contaminant?  were  concentrated  in  the  extracting  solvent:  during 
the  regeneration  cycle.  This  will  be  discussed  in  more  detail  later 
in  this  report  under  section  "D". 


C.  Removal  of  Biological  Contaminants  With  Reclame.*. ion  Filter 

Previous  preliminary  checks  of  fungal  and  bacterial  removal  from 
other  petroleum  products  by  application  of  the  reclamation  filter 
have  indicated  that  microorganisms  in  the  magnitude  of  even  less  than 
0.1  micron  are  completely  removed  from  hydrocarbon  fuels  by  use  of 
this  process. 

By  arrangement  with  the  Fuels  and  Lubricants  Branch  of  Wright - 
Patterson  Air  Force  Base,  the  University  of  Dayton  Bacteriology 
Department  supplied  three  different  species  of  Pseudomonas  bacteria 
in  pure  culture,  one  each  on  Bushnell-Haas  mineral  salts  agar 
slants  with  JP-4  overlay  and  one  each  on  trypticase  soy  agar. 

These  were  designated  as  B-40,  B-44,  and  B-54.  Two  different  species 
of  fungi  in  pure  culture  were  supplied,  each  on  Sabouraud's  agar 
slants.  These  were  designated  as  B-29  and  B-55« 

In  order  to  substantiate  the  preliminary  work  in  this  area,  specific 
samples  of  JP-6  jet  fuel  were  deliberately  inoculated  with  fungi  and 
bacteria,  both  separately  and  together,  and  filtered  through  the 
reclamation  filter.  The  resultant  effluent  was  filtered  through  a 
0.4-5  micron  Millipore  filter  to  remove  or  to  detect  any  remaining 
microorganisms.  The  filters  were  then  incubated  at  37  C  in  media 
suitable  for  the  specific  microorganisms  for  a  one-week  period.  The 
cultures  were  inspected  visually  every  day  for  potential  growth  and 
by  use  of  both  optical-  and  electron -microscopy  every  other  day. 


The  fifteen -dny  cultures  shoved  that  the  fuel  which  had  passed 
through  the  chemical  dryer  section  of  the  unit  still  contained  a 
few  of  the  injected  microorganisms .  The  fuel  which  had  filtered 
through  both  the  chemical  dryer  and  filter  sections  proved  to  be 
completely  free  of  any  bacteria  or  fungi.,  thus  confirming  the  success 
of  this  process  for  removal  of  microscopic  entrainments.  In  Figure  25 
the  fungi  are  traced  through  the  filtration  unit. 

Other  phot omi c rogiaphs ,  Figures  2 6  through  39,  illustrate  the 
positive  identification  of  bacteria  and  fungi  prior  to  filtration 
and  the  negative  identification  following  filtration.  Figure  kO 
shows  the  effect  of  biological  contaminants  on  coker  preheater 
tubes.  The  coker  rating  confirms  that  fungi  and  bacteria  leave 
a  deposit  on  the  preheater  tube  when  operated  at  450  F.  The 
uninoculated  fuel  gave  a  maximum  preheater  code  of  1  while  the 
inoculated  fuel  gave  a  maximum  preheater  code  of  2. 

The  procedures  for  propagating  the  cultures,  inoculating  the  fuels, 
microscopically  examining  the  fuel  samples,  and  determining  the 
results  are  presented  in  Appendix  V  and  Tables  7#  8,  and  9* 

Three  complete  runs  were  made  using  different  filter  units  (each 
conforming  to  the  specifications  of  the  contractor’s  reclamation 
filter).  One  test  run  was  made  using  the  bacteria  alone,  one 
using  fungi  only,  and  the  final  test  run  was  made  using  both 
bacteria  and  fungi.  It  was  found  that  in  all  three  test  runs  no 
bacteria,  no  fungi,  or  spores  were  found  to  have  passed  through  the 
active  sections  of  the  filter  waits.  This  is  illustrated  in 
photographs  shown  as  Figures  25,  33,  35 ,  and  37* 

The  depth  of  penetration  by  the  microorganisms  into  the  filter  media 
indicated  that  ail  of  these  microorganisms  were  retained  on  the 
entrance  layers  of  the  filter  media.  This  indicates  that  the  filter 
media  life  for  removing  biological  contaminants  would  be  Much 
greater  than  for  other  types  of  contaminants.  Therefore  biological 
contaminants  are  not  the  controlling  contaminant  for  filter  media. 

From  the  results  obtained,  it  can  be  concluded  that  the  reclamation 
filter  successfully  and  completely  removed  the  injected  micro¬ 
biological  contaminants  from  the  JP-6  Jet  fuel  utilized  for  the 
project. 


D.  Removal  of  Other  Contaminants  With  Reclamation  Filter 

The  other  apparent  detrimental  contaminants  to  thermal  stability 
which  sure  removed  by  the  reclamation  filter  media  consist  of 
naphthalenes,  olefins,  indenes,  phenols,  pyrrole  and  basic  nitrogen, 
sulfonates,  peroxides,  sulfur,  naphthenic  acids,  surfactants 
including  organic  sulfonates,  lead,  iron,  copper,  gums,  spent 
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additives,  e.nd  particulate  matter.  The  free  and  emails  if  led  water 
containing  soluble  salts  is  also  removed  by  the  chemical  dryer. 
Confirmation  of  the  removal  of  these  contaminants  was  evident  upon 
analyzing  the  extract  from  the  regeneration  of  the  filter  media. 

A  number  of  the  pilot  plant  reclamation  filtration  units  used  for 
determining  the  life  of  the  filter  media  were  shut  down,  drained, 
and  purged  with  nitrogen  in  preparation  for  regenerating  tne  filter 
media.  Tri solvent  (benzene-acetone-isopropanol)  was  pumped  into 
the  reclamation  filter  etna  allowed  to  stand  16  hours,  then  the  unit 
was  flushed  with  additional  tri solvent  and  drained.  This  extract 
was  then  tested  to  determine  the  contaminants  removed  from  the 
filter  media.  The  results  from  this  determination  follow. 

1.  Naphthalenes  represented  by  far  the  greatest  organic  contami¬ 
nant  in  the  extract  from  the  spent  filter  as  measured  by  the 
ASTM  D-1840-61T  spec trophotoaet ri c  method.  A  Model  DU  Beckman 
spectrophotometer  was  used  for  these  analyses.  Since  the  jet 
fuel  processed  had  an  Engler  distillation  end  point  of  4l6  F 
with  a  0.5$  residue;  some  of  the  expected  interfering 
compounds  such  as  phenanthrenes,  dibenzothiophenes,  biphenyls, 
benzothiophenes,  and  anthracenes,  were  minimized  by  the 
original  fractionation  of  the  jet  fuel.  This  same  processed 
Jet  fuel  contained  only  0.1$  naphthalene  both  before  and  after 
the  reclamation  filter;  therefore  it  appears  that  the  2.0  and 
2.6$  naphthalene  found  in  the  spent  filter  media  from 
processing  Reclaim  Nos.  11  and  12  could  have  been  synthesized 
from  spent  additives  and  contaminants  and  then  retained.  Such 
synthesized  degradation  products  when  extracted  from  the  spent 
filter  media  gave  a  positive  test  for  naphthalene  by  ultra¬ 
violet  spectrophotometry .  Even  with  such  inconsistency,  we 
can  still  conclude  that  the  real  or  apparent  naphthalene 
content,  when  determined  by  ultraviolet  spectrophotometry 
(D-l840-6lT),  provides  a  contaminant  identification  method 
for  projecting  thermal  stability.  Pilot  reclamation  filters 
or  their  equivalent  are  required  to  concentrate  such  contain!  - 
nants  for  extracting  and  testing. 

2.  Indenes,  phenols,  and  pyrrole  nitrogen  were  also  found  in 
much  smaller  concentrations  in  the  extract  from  the  spent 
filter  media  These  data  are  consistent  with  the  data  from 
the  before  and  after  reclamation  filtered  samples  showing 
partial  removal  of  such  contaminants  by  the  filter  media. 

3.  Lead,  iron,  and  copper  were  also  found  in  the  spent  filter 
media.  Nearly  all  of  the  pilot  plant  runs  showed  substantial 
removal  of  these  inorganic  contaminants  by  the  filter  media. 
The  commercial  reclamation  filters  showed  removal  of  these 
inorganic  contaminants. 
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The  24 -foot  pilot  plant  reclamation  filter  vas  shut  down  after  an 
extended  ran  for  a  similar  regeneration  with  the  exception  that 
each  P-foot  top,  middle,  and  bottom  section  vas  analyzed  separately. 
She  data  in  Table  10  show  the  analyses  of  the  contaminants  removed 
from  the  filter  media.  The  most  detrimental  contaminants  and 
additives  were  cosqpletely  removed  in  the  top  and  middle  filter 
sections. 

When  dismantling  several  of  the  reclamation  pilot  plant  units,  it 
was  observed  that  a  grease-like  material  accumulated  in  the  void 
space  between  the  chemical  dryer  and  the  filter.  Most  of  this 
grease-like  material  had  been  retained  on  the  entrance  layer  of  the 
filter  media  and  none  of  it  had  penetrated  more  than  one  inch  into 
the  filter  media.  Some  of  the  other  chemical  reactions  are  not 
completely  understood.  However,  the  positive  removal  of  contami¬ 
nants  from  jet  fuel  is  qtuite  evident  as  shown  in  Table  11. 

Some  of  these  contaminants  were  deliberately  injected  into  the  jet 
fuel  to  determine  their  effect  on  thermal  stability.  These  were 
petroleum  sulfonates,  peroxides,  indenes,  and  naphthenic  acids. 

Petroleum  sulfonates  were  retained  on  the  filter  media  yielding 
treated  fuels  free  of  these  soluble  organic  contaminants  as  shown 
in  Table  12.  While  petroleum  sulfonate  contaminant  is  very 
detrimental  to  the  water  separometer  test,  such  a  contaminant  is 
not  detrimental  to  the  coker  test  when  operated  at  the  475/575/6 
severity  level  on  JP-6  Jet  fuel. 

Benzoyl  peroxides  were  retained  on  the  filter  media  yielding 
treated  fuels  free  of  these  soluble  organic  contaminants  as  shown 
in  Table  13 . 

Indenes  were  retained  on  the  filter  media  yielding  treated  fuels 
free  of  these  soluble  organic  contaminants  as  shown  in  Table  14. 

Haphthenlc  acids  were  retained  on  the  filter  media  yielding 
treated  fuels  free  of  these  soluble  organic  contaminants  as  shown 
in  Table  15 . 

fuels  that  become  off -test  on  the  copper  strip  corrosion  during 
storage  due  to  generation  of  elemental  sulfur  by  bacterial  action 
become  quite  troublesome  in  the  field.  Confirming  our  original 
commercial  reclamation  filter  data  on  both  JP-6  and  Jfech  3  type 
fuels,  our  more  recent  laboratory  data  indicate  that: 

1.  elemental  sulfur  can  be  generated  in  aged  jet  fuels, 
following  improper  fractionation  or  bacterial  action, 
yielding  a  bad  copper  strip  corrosion  test  during  storage. 


2.  by  adjusting  the  promoter  agent  to  the  filter  media,  the 
elemental  sulfur  can  be  removed  from  the  reclamation 
filtered  fuel  without  degrading  other  fuel  qualities  ouch 
as  thermal  stability. 

The  supporting  data  for  these  conclusions  are  shown  in  Table  Id. 

Test  fuels.  Reclaim  Nos.  1  through  HI  contained  considerable 
phenols  on  the  before  treats  (as  received)  while  the  after  treated 
fuel  samples  contained  only  a  small  amount  of  phenols.  This 
indicates  that  reclanation  filtering  removed  phenols  which  in  turn 
may  have  been  partially  responsible  for  the  improved  thermal 
stability  rating  of  these  types  of  fuels.  Reclaim  Nos.  11  through 
19 ,  manufactured  by  a  different  process,  contained  very  little 
phenols  on  both  the  before  and  after  treats  which  indicates  that 
phenols  were  not  responsible  for  the  bad  thermal  stability  ratings 
on  these  before  treats.  The  data  in  Table  17  support  these 
conclusions. 


E.  Effect  of  Additives  on  Reclamation  Filtering  Process 

General  observations  to  date  from  both  the  pilot  plant  filters  and 
commercial  filters  indicate  that : 

1.  some  approved  jet  fuel  additives,  namely  antioxidants  and 
metal  deactivatcrs,  that  are  normally  included  in  jet  fuel 
usually'  improve  the  performance  of  the  reclamation  filter 
media. 

2.  one  approved  jet  fuel  additive,  namely  icing  inhibitor 
(ethylene  glycol  monomethyl  ether  with  or  without  glycerol), 
usually'  reduces  the  effective  life  of  the  reclamation  filter 
media. 

Table  18  shows  the  antioxidant  and  metal  deactivator  content  before 
and  after  reclamation  filtering  on  all  of  the  fuels.  These  data 
indicate  that  such  additives  nay  need  to  be  readded  to  the  filtrate 
after  the  initial  filtration  treatment.  The  data  on  the  before 
treats  indicate  that  thermal  stability  or.  these  fuels  deteriorated 
badly  even  though  additives  were  still  present  in  the  aged  fuels. 

Of  the  uncombined  antioxidant  and  metal  deactivator  that  were 
originally  added  to  the  freshly  produced  fuels,  approximately  2 5% 
was  still  remaining  in  Reclaim  No.  11  degraded  fuel  as  received. 
During  the  course  of  these  life  tests  on  the  filter  media,  nearly 
all  of  this  uncombined  and  available  antioxidant  and  metal 
deactivator  was  eluted  in  the  treated  fuel  as  effective  additives. 
Tables  2  and  3  show  that  the  coker  break  points  of  these  aged  fuels 
are  below  specification.  These  fuels  contained  nearly  maximum 
concentrations  of  additives  when  freshly  produced. 
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The  ASTH-CKC  coker  rating  deteriorated  with  the  addition  of  the 
military  approved  corrosion  inhibitors.  These  data  on  JP-6 
rehabilitated  fuels  confirm  similar  data  on  freshly  produced 
commercial  JP-6  type  fuels  which  show: 

1.  that  coker  preheater  ratings  at  temperatures  above  42$  F  begin 
to  deteriorate  when  the  fuel  is  treated  with  minimum  allowable 
concentrations  of  all  current  military  approved  corrosion 
inhibitors.  Occasionally  some  of  these  rrosion  inhibitor 
treated  fuels  have  a  higher  threshold  temperature ,  but 
additional  testing  shows  inconsistency  in  the  occasionally 
disproved  performance.  These  data  indicate  threshold  break 
points  of  the  corrosion  inhibitor  treated  fuels  below  that 

of  the  virgin  JP-6  jet  fuel. 

2.  that  reclamation  filters  can  be  used  to  remove  some  of  the 
corrosion  inhibitors  from  such  inhibited  fuels  at  the  use 
point  terminal  thereby  improving  the  coker  rating  of  the 
filtered  fuels.  This  approach  has  significant  value  wren 
considering  that  jet  fuel  could  be  corrosion  inhibited  at 
production  point,  transported  to  destination,  and  reclamation 
filtered  at  the  use  point  to  minimize  possible  corrosion  of 
storage  and  shipping  containers.  However,  individ'’  i  research 
would  be  required  on  a  specific  fuel  to  determine  which 
contaminant  (iron  rust  versus  corrosion  inhibitor)  would  be 
controlling  in  a  specific  fuel  handling  system. 

Figure  41  shows  that  the  military  approved  corrosion  inhibitors 
when  used  in  JP-6  jet  fuel  generally  degrade  a  coker  rating.  It 
also  shows  that  a  portion  of  the  corrosion  inhibitor  can  be  removed 
by  e  reclamation  type  filter  which  in  turn  improves  the  coker  rating 
at  4$0/550/6.  Table  19  shows  the  detailed  coker  preheater  ratings 
supporting  Figure  4l , 

The  Aero  Propulsion  Laboratory  used  their  reclamation  filter  to 
process  two  fuels  containing  lubricant  additives.  These  two  fuels 
were  sent  to  Monsanto's  Dayton  laboratories  for  infrared  identifi¬ 
cation  of  these  lubricant,  additives  in  the  samples  before  and 
after  the  reclamation  filtration  unit.  The  two  runs  that  were  made 
on  the  reclamation  filtration  unit  shoved  that  both  lubricant 
additives  were  retained  on  the  filter  uedia  and  thereby  removed  from 
the  treated  fuels.  These  data  are  shown  in  Table  20  and  indicate 
that  such  lubricant  additives  should  be  injected  downstream  from  the 
reclamation  filter.  However,  if  a  lubricant  additive  would  become 
incompatible  to  the  fuel,  such  fuel  could  then  be  pumped  through  the 
reclamation  filter  to  remove  the  objectionable  additive. 

Figure  42  shows  the  infrared  spectra  for  the  base  fuel,  duplicate 
runs  for  the  base  fuel  plus  lubricant  additive  No.  1,  and  for  the 
filtered  fuel.  Figure  43  shows  similar  spectra  for  lubricant 


additive  No.  2.  The  spectra  representing  the  filtered  fuels  are 
identical  to  those  of  the  base  fuel  with  no  additive. 

A  typical  commercial  antistatic  additive  (3  ppm)  caused  the 
deterioration  of  the  thermal  stability  of  J P-6  jet  fuel  with  the 
coker  operating  at  450/550/6.  These  data  are  shown  in  Table  21. 


Static  Electricity  Generated  by  Reclamation  Filter 

Most  of  the  static  electricity  studies  predate  this  contract  work 
since  safe  laboratory  procedures  were  required  to  conduct  the 
original  research  work  to  develop  a  practical  reclamation  filter. 

In  this  original  work,  three  phases  of  static  electricity  were 
evaluated. 

1.  Conductivity 

Since  reclamation  filtering  involves  removing  contaminants  from 
the  fuel  processed,  conductivity  of  the  filtered  fuel  is 
decreased,  as  would  be  anticipated,  with  the  use  of  a  good  jet 
fuel  filter.  Conductivity  measurements  varied  considerably 
depending  upon  the  quality  of  the  fuel  charge  and  its  additive 
content,  the  contaminants  removed,  and  upon  the  quality  of  the 
treated  fuel  required.  If  the  reclamation  filter  accomplishes 
its  primary  objectives  of  removing  contaminants,  the  conductivity 
parameters  mist  become  of  secondary  consideration. 

2.  Static  charge  build-up 

The  design  of  the  reclamation  filter  has  been  made  to  reduce 
drastically  the  potential  static  charge  build-up.  These  design 
features  include  relatively  low  fluid  velocities  (3  feet  per 
minute),  support  media  with  neutralizing  and/or  relaxing 
components,  grounding  facilities,  and  media  promoting  agents 
that  tend  to  lessen  generation  of  static  charge. 

3.  Fire  hazard  measurements  at  effluent  product  receiver 

Drastic  laboratory  environment  was  arranged  to  initiate 
combustion  at  the  product  receiver.  Ungrounded  metal  receivers 
were  used  to  receive  the  fuel  by  top  fill  splash  loading  in  an 
air  atmosphere.  The  third  component  for  ignition  of  the  fuel 
became  the  controlling  variable  --  static  electrical  charge. 

The  original  laboratory  work  included  varying  the  fuel  flow 
rate  from  i  to  300$  of  the  recommended  design  flow  rate, 
varying  the  fuel  type  to  cultivate  explosive  ranges  in  the 
lean  and  rich  zones  and  on  both  sides  of  these  air-vapor 
ratios  at  the  receiving  tank,  varying  '’low  temperatures  from 
minus  20  to  plus  130  F  (above  and  below  flash  points  of 


differer  fVsla \ ,  etc.  To  date,  no  actual  fire  flashes  have 
been  ig^.kt*;.  ay  the  static  electricity  generated  by  these 
reclamation  filter  runs. 

While  the  number  of  laboratory  runs  prior  to  this  effort  were 
more  numerous  and  more  conducive  to  static  electrical  fires 
than  the  present  laboratory  runs,  these  runs  also  consisted  of 
top  splash  filling  in  ambient  air  of  about  1800  five-gallon 
metal  cans  (ungrounded)  with  treated  product  stream  from  the 
pilot  plant  reclamation  filters.  The  potential  hazards  using 
any  method  of  fuel  handling  should  never  be  minimized.  However, 
these  laboratory  runs  as  described  above  and  actual  commercial 
runs  indicate  that  with  well  grounded  reclamation  filters  — 
the  static  electrical  discharge  from  reclamation  filters  is 
considerably  lees  than  for  nany  other  existing  high  fluid 
velocity  filter -separators.  The  normal  laboratory  configuration 
for  reclamation  filter  units  should  incorporate  grounding  of 
product  metal  containers  with  submerged  filling  spouts. 

When  testing  for  static  electricity  build-up  on  both  laboratory  and 

commercial  reclamation  filters,  it  was  found  that: 

1.  negligible  static  electricity  is  generated  in  processing  fuel 
as  it  flows  through  this  unit. 

2.  the  ability  of  both  the  unfiltered  and  filtered  fuel  to  carry 
away  artificially  induced  electricity  would  vary  considerably 
with  the  type  of  fuel  being  processed  (with  or  without 
additives). 

3*  proper  grounding  of  metal  filter  units  is  required  for  general 
safety  reasons  regardless  of  whether  or  not  a  fuel  is  being 
processed. 

k,  when  the  product  receiver  in  the  reclamation  filter  was 
arranged  in  an  environment  which  was  very  conducive  to 
supporting  combustion  if  static  charge  was  generated,  no 
ignition  occurred  indicating  negligible  static  generated 
within  the  reclamation  filter. 


0.  Life  of  Filter  Media 

Figure  shows  the  treating  costs  of  the  reclamation  filter  media 
whan  processing  different  degraded  fuels.  Appendix  VI  shows 
supporting  data  for  Figure 

Life  of  the  filter  media  is  decreased  with  increasing  soluble 
organic  contaminants  or  increasing  coker  severity.  Both  pilot 
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units  and  commercial  reclamation  filter  units  have  demonstrated 
that: 

1.  the  greater  the  concentration  of  soluble  organic  contaminants, 
the  lover  the  life  of  the  filter  media.  However,  this 
relationship  is  not  directly  proportional  to  the  total  amount 
of  soluble  organic  contaminants  since  some  organic  contaminants 
elute  sooner  than  others  and  some  are  more  detrimental  than 
others . 

2.  the  greater  the  severity  of  the  colter  test  conditions  on  the 
treated  product,  the  lover  the  effective  life  of  the  filter 
media  used  for  reclamation.  This  relationship  approaches  a 
logarithmic  function. 

3.  the  analytical  complexity  of  reclamation  filtering  is  such  as 
to  limit  precise  predictions  of  the  life  of  filter  media, 
however  field  experience  and  pilot  runs  give  a  reasonably  good 
basis  for  design  calculations  on  all  grades  of  jet  fuel 
processing.  Obviously  the  degree  of  accidental  contamination 
cannot  always  be  predicted. 

A  specification  JP-6  jet  fuel  containing  antioxidant  and  metal 
deactivator  in  allowable  concentrations  when  processed  through  a 
reclamation  filter  soon  saturates  the  filter  media  with  these 
additives  without  affecting  the  ability  of  the  filter  media  to 
remove  other  contaminants.  After  filtering  approximately  100 
barrels  of  fuel  per  ton  of  filter  media,  these  additives  elute 
into  the  effluent  in  their  original  effective  form.  However, 
icing  inhibitors  do  seriously  decrease  the  life  of  the  filter 
media.  It  was  found  that  injecting  the  icing  inhibitor  following 
the  reclamation  filter  provided  a  preferable  operating  procedure. 
While  processing  a  very  bad  JP-6  jet  fuel  (Reclaim  No.  11),  the 
filter  media  life  for  complete  reclamation  for  improving  coker 
threshold  temperature  from  350  to  475  F  exceeded  13*000  barrels 
ccf  fuel  per  ton  of  filter  media.  The  continued  processing  of  this 
same  fuel  with  a  16,000  barrels  per  ton  rate  showed  a  gradual 
increase  in  naphthalene,  indenes,  pyrrole  nitrogen,  copper,  lead, 
and  iron  bleeding  into  the  fuel  filtrate. 

The  foregoing  data  which  show  the  life  of  the  filter  media  when 
processing  badly  degraded  fuels  are  somewhat  distorted  since  two 
commercial  units  have  considerably  less  operating  cost  when 
processing  larger  quantities  of  fuel.;.  In  practice,  such  filters 
could  be  used  continuously  to  process  both  bad  and  good  fuels  in 
any  sequence  thereby  insuring  that  all  of  the  filtered  fuels  will 
be  thermally  stable.  The  continuous  processing  of  all  incoming 
fuels  through  reclamation  filters  would  insure  that  all  the  fuel 
delivered  to  the  ai. -craft  would  be  thermally  stable  and  on 
specification  with  considerable  saving  in  testing  time  and  cost  of 


testing  the  fuels.  Additional  additives  that  nay  be  requested  for 
flight  benefits  could  be  injected  into  the  effluent  stream  from  the 
reclamation  filter  unit  with  an  automated  proportional  additive  pump 


H.  Design  Variables  of  Heclaaatiwn  Filter 

Specifications  for  jet  fuel  filter -separators  have  been  veil 
documented  for  the  removal  of  physical  contaminants  -  namely  solids 
and  free  water.  With  the  continued  more  rigid  requirement  for  the 
removal  at  physical  contaminants ,  new  requirements  have  been  added 
to  remove  also  chemical  and  biological  contaminants  from  high- 
temperature  Jet  fuels  at  the  use  point  terminals.  The  usual  design 
variables  for  filter -separators  are  viscosity,  interfacial  tension, 
temperature,  differential  density  of  fuel  and  water,  and  the  type, 
quantity,  and  nature  of  contaminants  to  be  removed*  The  new  design 
criteria  include  the  nature,  type,  and  quantity  of  soluble  chemical 
and  biological  contaminants  and  their  ease  of  removal  in  the  presence 
or  absence  of  fuel  additives.  These  design  criteria  may  incorporate 
the  supplemental  flexibility  of  different  filter  media,  different 
filter  supports,  different  disengaging  hardware  along  with  the 
efficient  disposal  and  replacement  facilities  for  the  active  filter 
media.  Optimum  flow  rates  have  been  established  for  pilot  and 
coianercial  filtration  units  with  standard  filter  media  for  the 
different  current  types  of  military  high -temperature  jet  fuels  based 
on  effective  removal  cf  typical  contaminants,  viz.  physical, 
chemical,  and  biological. 

Figure  45  shows  the  filter  pressure  drop  versus  the  flow  rate  for 
fuels  with  varying  viscosities.  Figure  46  shows  the  filter  pressure 
drop  versus  the  flow  rate  for  JP-6  fuel  for  varying  filter  bed 
depths. 

Table  22  shows  practical  design  data  for  maximum  permissible  flow 
rates  on  the  reclamation  filtration  unit  as  taken  from  the  curves 
in  Figures  45  and  46.  While  other  variables  may  be  controlling, 
it  is  believed  the  maximum  flow  rates  through  the  reclamation 
filtration  unit  listed  in  Table  2?.  provide  a  reasonably  good  design 
basis  for  insuring  good  performance  and  optimum  economics.  The 
cross  sectional  area  of  the  chemical  dryer  can  vary  between  30  and 
60*  of  the  cross  sectional  area  of  the  reclamation  filter,  depending 
on  the  anticipated  drying  duty.  The  depth  of  the  filter  bed  and 
drier  bed  can  vary  with  the  permissible  cost  of  the  hardware  but 
preferably  with  the  anticipated  eff  ective -cents  *rinant -load  in  the 
fuel  to  be  processed.  The  effective -contaminant -load  wi  XI  vary 
with  the  coker  severity  level  requirement  on  the  treated  fuel. 

For  some  operating  requirements,  considerably  higher  flow  rates 
can  be  realized  provided  the  charge  pump  and  hardware  are  designed 
for  the  higher  pressure  drops. 


In  general,  the  performance  of  the  commercial  reclamation  filter 
units  is  better  than  the  simulated  pilot  units.  Some  of  the 
contributing  factors  that  favor  the  commercial  unit  are: 

1.  more  consistent  jet  fuel  charge  quality 

less  contact  of  the  fuel  with  the  metal  containers  —  ^illons 
fuel/ft2  netai  surface 

3*  less  contact  of  the  fuel  with  air 

4,  fewer  experimental  operating  variables 

Since  the  pilot  filter  units  are  less  efficient,  design  data  based 
upon  pilot  runs  provide  a  greater  contingency  allowance  in  commercial 
installations  for  accidental  mishandling  of  fuel.  In  any  event, 
mishandling  of  fuel  should  be  avoided  whenever  possible. 
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IV,  SUKtftRY 


Thi»  research  program  included  evaluating  methods  of  reclamation 
for  storage  degraded  jet  fuel;  viz.  hydrotreating,  redistillation,  and 
reclamation  filtering.  The  data  indicate  that  hydrotreating  and 
redistilling  accomplish  the  reclamation,  but  these  processes  would  not 
he  practical  in  field  applications  where  the  problem  exists.  Reclamation 
filtration  has  been  used  commercially  for  several  years  in  the  field. 
Filter  pilot  plants  were  used  in  this  research  work  to  rehabilitate 
nineteen  different  degraded  fuel  samples*  It  can  be  concluded  that 
reclamation  filters  are  practical,  economical,  effective,  simple,  and 
safe.  Commercial  filters  can  be  constructed  and  installed  quickly 
within  new  or  existing  fuel  facilities.  Perhaps  such  a  filter  could  be 
operated  effectively  with  or  without  filter -separators. 

The  use  of  the  filter  unit  could  permit  deleting  some  jet  fuel 
additives  during  the  production  and  transportation  of  these  fuels.  The 
filter  could  be  used  at  the  use  point  to  rehabilitate  the  fuel  and  to 
allow  also  the  injection  of  additives  into  the  filtered  fuel  to  meet  the 
specific  demands  cxf  the  aircraft  during  flight.  Hot  residual  fuel  from 
returning  aircraft  could  also  be  filtered  at  the  air  base  and  then 
returned  to  and  commingled  with  fresh  fuel. 

Since  the  quality  of  the  reclaimed  filtered  fuel  is  possibly  better 
than  the  freshly  refined  fuel,  laboratory  testing  could  be  minimized  ft  long 
with  its  corresponding  time  delays.  The  research  data  indicate  that 
indenes  and  other  contaminants  are  generated  during  ambient  temperature 
storage.  Since  the  greatest  demand  for  stability  of  fuels  is  during  flight 
it  is  logical  to  provide  for  the  greatest  stability  level  just  prior  to 
fueling  aircraft  and  then  to  fortify  with  additives  for  the  specific  flight 
The  use  poim,  filter  could  permit  this  optimum  approach. 

The  filter  also  provides  a  means  of  concentrating  and  removing  jet 
fuel  constituents  for  supplemental  measuring,  identifying,  and  monitoring 
purposes*  The  coker  test  is  much  more  sensitive  than  physical  and 
chemical  tests  for  determining  thermal  stability  of  high -temperature  jet 
fuels.  The  filter  removes  and  concentrates  most  of  the  contaminants 
r'sgcrdlese  of  what  type  or  quantity  causes  the  instability  of  jet  fuels. 

The  filter  media  are  in  sufficient  quantity  to  enable  several  months  or 
possibly  several  years  operation  prior  to  regeneration  or  recharging  of 
the  unit. 

The  rehabilitation  of  all  of  these  fuels  processed  by  the  pilot 
filters  helps  to  justify  new  installations  of  commercial  reclamation 
filters  for  processing  any  storage  degraded  fuels  at  military  tank  fame. 
The  processing  of  good  fuels  through  filters  produces  even  a  higher 
quality  fuel*  The  occasional  or  continuous  processing  and  rehabilitating 
of  bed  fuels  avoids  downgrading  of  these  bad  fuels.  Following  their 
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reclamation  filtration  they  can  be  coaming  led  with  the  good  fuels  in  any 
or  all  proportions  since  they  have  equivalent  thermal  stability  ratings 
and  compatibility  characteristics*  While  most  fuel  suppliers  expect  the 
delivered  fuel  quality  to  be  satisfactory,  too  many  failures  have  already 
been  documented  at  the  threshold  of  the  supersonic  Jet  age*  The 
installation  at  reclamation  filters  at  the  use  point  terminals  could 
close  the  gap  in  quality  levels  and  insure  the  delivery  to  the  aircraft 
of  as  clean,  dry,  and  thermally  stable  Jet  fuels  as  is  possible  with  the 
present  state  of  the  art. 
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V,  FgC0*KEKI*TI0W3 


1.  Install  commercial  reclamation  filters  at  several  fuel  facilities 
to  gala  additional  experience  under  full  scale  application  and  to 
provide  field  developmental  data  to  determine  feasibility  of  more 
extensive  applications. 

2.  Conduct  additional  research  work  to  develop  an  in-field  thermal 
stability  monitoring  instrument  to  record  automatically  contaminant 
levels  of  Jet  fuels  in  storage  tanka  - 

3*  Conduct  additional  research  work  on  correlating  contaminants 

(extracted  from  filter  media)  with  coker  ratings  on  the  before  and 
after  treat  samples  from  reclamation  filters, 

k.  Conduct  additional  research  work  on  improving  regenerative 
procedures  for  reclamation  filters. 
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Figure  1.  Process  Flo*  of  a  Typical  Reclaaation  Filter 
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RECLAIM  NO.  I  [ 
•CFORE  TREAT  AFTER  TREAT 


Figure  3»  Comparative  Coker  Preheater  Tubes  for  Reclaim  No.  1 

"Before  Treat"  (Code  No.  6)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  l)  represents  effluent  product  from 
reclamation  filter. 


22 


F1*‘”  C0Wmtlv”  C<**r  Pr*‘“*-.r  Tubas  for  RKUia  fc.  2 

fUter  “d 

r •equation  filter*  '  XC  t*  *ffluent  product  fro* 


RECLAIM  mol  3 

SEPORC  THAT  Ami 


*rrt*  trcat 


Figure  5.  Cooperative  Coker  Preheater  Tube,  for  Reclaim  Ho.  3 

"After^reat "  ' lV  repr''ent“  oi“r€«  to  filter  i 

recWion  flitt?  5  "Pr'"nt*  Product  f. 


Figure  6.  Comparative  Coker  Preheater  Tube*  for  Reclai*  Ho.  k 

"Before  Treat"  (Code  Bo.  5)  represents  charge  to  filter  and 
After  Treat”  iCode  Ho.  l)  represents  effluent  product  fro® 
reclamation  filter. 


RECLAIM  Na5j 

ICPOItC  TREAT  AFTER  TREAT 


Figure  7*  Comparative  Coker  Prebeater  Tubes  for  Reclaim  No.  5 

"Before  Treat"  (Code  No.  8)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  l)  represents  effluent  product  from 
reclamation  filter. 
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Figure  9 


RECLAIM  NAjtl  F 

tCRQRC  TREAT  AFTER  TREAT 


Comparative  Coker  Preheater  Tubes  for  Reclaim  Ho.  6 


"Before  Treat"  (Code  Bo.  3)  represents  charge  to  filter  and 
"After  Treat"  (Code  Ho.  1)  represents  effluent  product  from 
reclamation  filter. 


ACCLAIM  NOt  7 

TAUT  4FTCA  TAUT 


Figure  30.  CoeQparetive  Coker  Preheater  Tubes  for  Reclaim  Ho.  7 

"Before  Treat"  (Code  Bo.  6)  represents  charge  to  filter  and 
"After  Treat"  (Code  Bo.  1)  represents  effluent  product  from 
reclamation  filter. 


RECLAIM  Ha  s 
MROftC  TREAT  AFTER  TREAT 


Figure  11.  Comparative  Coker  Preheater  Tubes  for  Reclaim  Ho.  8 

"Before  Treat”  (Code  No.  8)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  l)  represents  effluent  product  from 
reclamation  filter. 
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Figure  12.  Co^e.retive  Coker  Preheater  Tubes  for  Pec  la  la  Ho.  9 

"Before  Treat"  (Code  Bo.  7)  represents  charge  to  filter  and 
"After  Treat”  (Code  Bo.  1)  represents  effluent  product  fro* 
reclamation  filter. 
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RECLAIM  MCUO 
•CKME  TREAT  ATTOK  TREAT 


Figure  13 .  Comparative  Coker  Preheater  Tubes  for  Reclaim  Ho.  10 

"Before  Treat"  (Code  No.  3)  represents  charge  to  filter  *tv1 
"After  Treat"  (Code  Ho.  ?}  represents  effluent  product  from 
reclamation  filter. 
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r%  Cduce  Rating*  (M50/550/6) 


RECLAIM  N&  II 


REFORE  TREAT  AFTER  TREAT 


Figure  15.  Comparative  Coker  Preheater  Tubes  for  Reclaim  No.  U 

"Before  Treat"  (Code  No.  8)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  l)  represents  effluent  product  from 
reclamation  filter. 
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KNM  TRCAT  AFTfH  TUCAT 


figure  l6.  Comparative  Coker  Preheater  Tubes  for  Reclaim  No.  12 

"Before  Treat"  (Code  No.  8)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  1)  represents  effluent  product,  from 
reclamation  filter. 


RECLAIM  NOt» 

BEFORE  TREAT  AFTER  TREAT 


Figure  17.  Comparative  Coker  Preheater  Tubes  for  Reclaim  No.  13 

"Before  Treat"  (Code  No.  8)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  1)  represents  effluent  product  from 
reclamation  filter. 
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RECLAIM  NO.  14 
PC FORE  TREAT  AFTER  TREAT 


Figure  18.  Comparative  Coker  Preheater  Tubes  for  Reclaim  No.  14 

"Before  Treat"  (Code  No.  8)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  1)  represents  effluent  product  from 
reclamation  filter. 
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RECLAIM  NaiS 
SCFORC  TREAT  AFTER  TREAT 


Figure  19.  Comparative  Colter  Preheater  Tubes  for  Reclaim  No.  15 

"Before  Treat"  (Code  No.  5)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  l)  represents  effluent  product  from 
reclamation  filter. 
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RECLAIM  NOL^iS) 
BEFORE  TREAT  AFT®  TREAT 


Figure  21,  Comparative  Coker  Preheater  Tubes  for  Reciaia  No.  l£ 

"Before  Treat"  (Code  No*  5)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  1)  represents  effluent  product  fro* 
reclamation  filter. 
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Figure  23 •  Comparative  Coker  Preheater  Tubes  for  Reclaim  No.  18 


"Before  Treat"  (Code  No.  5)  represents  charge  to  filter  and 
"After  Treat"  (Code  No.  l)  represents  effluent  product  from 
reclamation  filter. 


RECLAIM  NO.  19; 

WPRl  **uer  AFTCR  TRCAT 


Figure  24.  Comparative  Coker  Preheater  Tubes  for  Reclaim  Mo.  19 


"Before  Treat"  (Code  Mo. 
"After  Treat"  (Code  Mb. 
reclamation  filter. 


5)  represents  charge  to  filter  and 
1)  represents  effluent  product  from 
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Figure  25. 


Tracing  Fungi  Through  Filtering  Process 

Hormodendrum  Species 
(Following  72-hours  incubation) 

KEY:  Control:  Petri  dish  containing  sterile  Sabouraud's  medium 
Petri  1;  Inoculated  drum,  JP-6  fuel  (~250  colonies) 

Petri  2;  JP-6  fuel  following  chemical  dryer  section  12  colonies) 
Petri  3:  JP-6  fuel  following  tae  reclamation  filter  section 


OPTICAL  .MICROSCOPY  SECTION 


Photomicrographs,  Figures  26  Through  29 


Microscope:  **ita  Triocular  Ortholux  Microscope 

Oil  immersion  achromatic  objective 
with  focal  length  of  1,9  am 


Camera: 


leica  M-l  Body  Camera 
vith  aicroattachaent 
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Figure  26.  Typical 

Pseudcmo, 

Total  aagnif 


Figure  27.  Typical  Fungi 

Hormodendrura  Species 

Total  magnification :  1300  X 
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Figure  28.  Bacteria -Inoculated  JP-6  Fuel  in  Charge  Dnu* 

Total  nagnification:  2450  X 

ML. 

Note  intimate  dispersion  of  bacteria  throughout  fuel  sample. 
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center  of  photograph. 
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ELECTRON  MICROSCOPY  SECTION 


Electronphot omicrographs,  Figures  30  Through  ^3 


Microscope:  Phillips  Model  EM-75 

Continually  variable  magnification  of 
1500  -  15,000  diameters .  Resolving 
power,  75  angstroms. 


Camera:  Phillips,  35 -mm 
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Figure  30.  Typical  Bacteriu 

Pseudomonas  Species 

Total  magnification:  7500  diameters 
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Figure  31. 


Typical  Fungi 
Hormodendrum  Species 

Total  magnification:  7500  diameters 

M  , 
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Figure  32.  Uninoculated  JP-6  Fuel  in  Charge  Drum 

Total  aagalf ication :  TyQO  diameters 

Note:  1.  large  spheres  present  due  to  collodion  film. 

2.  Darkened  areas  due  to  Inorganic  and  not 
biological  particles. 
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Figure  33.  Reclamation  Filter  Effluent 

Total  magnification:  7500  diameters 

Note:  1.  Dark  particle  present  due  to  aerial  contamination  of  grid. 
2.  Cleanliness  of  fuel  at  this  point. 
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Note  fungi  preeent  at  top  of  filter  media 


55 


Figure  35.  Bottom  Exit  layer  in  Filter  Media  -  Fungi  Specimen 

(Optical  Micrograph)  Total  magnification:  12 50  X 

10JUL 

Note  absence  of  fungi  at  bottom  of  filter  media. 
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Fifure  36.  bacteria  fro*  Top  Entrance  Layer  in  Filter  Media 
(Optical  Micrograph)  Total  Magnification:  1250  X 

1 10  j 

Mote  presence  of  bacteria  at  top  of  filter  nedla. 
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Figure  37*  Bottom  Exit  Layer  in  Filter  Media  -  Bacteria  Specimen 

(Optical  Micrograph)  Total  magnification:  1*250  X 

10  M 

Bote  absence  of  bacteria  in  bottom  of  filter  media. 
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Figure  36.  Inoculated  Fuel  Charge  to  Coker  -  Bacteria  and  Fungi 
(Optical  Micrograph)  Total  nagnif ication :  1250  X 

JQJ1, 

note  presence  of  bacteria  and  fungi  in  fuel  charge  to  coker. 


Figure  39.  Coker  Effluent  from  Inoculated  Fuel  -  Bacteria  and  Fungi 
(Optical  Micrograph)  Total  magnification:  1250  X 


Note  presence  of  bacteria  and  fungi  in  fuel  effluent  from  coker. 
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*  The  "Total  Prebeater  Deposit  Ratirg"  is  defined  as  the  sum  of  the  code  rating  numbers  oo  the 
thirteen  individual  sections  of  the  coker  preheater  tube  as  rated  by  the  tuberator . 

Figure  kl.  Effect  of  Corrosion  Inhibitors  on  Coker  Ratings  at  ^ 50/550/6 
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Figure  46.  Filter  Design  Data  With  Varying  Filter  Bed  Depths 
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Table  1 


Test  Data  on  Redistillation  Fractions 


Reclaim  No 

>  •  XX 

Reclaim 

No.  12 

95* 

Overhead 

Coker  (450/550/6) 

Preheater,  max  code  3 

Diff.  Pressure,  in.  Hg  0.3 

Coker  (450/550/6)  Plus  Reclamation  Filter 

5* 

Residue 

8 

>25 

"95 i 

Overhead 

2 

0.3 

5* 

Residue 

8 

>25 

Preheater,  max  code 

1 

-- 

1 

m 

Diff.  Pressure,  in.  Hg 

0.3 

-» 

0.0 

-- 

Metal  Deactivator, 

lbs/1000  bbls 

0.95 

16.7 

O.83 

14.9 

Paraphenyienediamlne*, 
lbs/1000  bbls 

Nil 

1.05 

Nil 

0.70 

Corrosion,  copper  strip 
at  212  F 

3A 

IB 

3A 

IB 

Copper,  ppb 

Nil 

40 

Nil 

80 

Indene,  ppm 

46 

900 

44 

865 

Lead,  ppb 

4o 

5110 

51 

4333 

Naphthalene,  weight  * 

0.07 

0.6l 

0.07 

0.56 

Nitrogen:  Basic,  ppm 

1.9 

11.5 

2.1 

6.5 

Pyrrole,  ppm 

0.2 

0.4 

0.3 

0.3 

Peroxide,  ppm 

1.68 

16.64 

1.44 

11.60 

Sodium,  ppm 

2.00 

5.55 

1.75 

14.73 

Sulfonate,  ppm 

0.08 

i.13 

0.12 

1.20 

*  Analyzed  before  readdition  of  antioxidant 
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Table  2 


*  f 

4  & 

Code 

Identification 

far  Air  Force  Furnished  Fuels 

i 

Contractor 

Air  Fore** 

ASTM-CRC  Coker 

i 

?ttel  Code  Ho. 

Code 

Itype 

Break  Poi 

Pk*mVtmm  4>  aw  O.j 

Temperature 

f 

Reclaim  So.  1 

SF6-6201 

Jp~6 

k23 

Filter.  °F 

525 

r* 

Reclaim  Bo.  2 

SF 6-6202 

JP-6 

425 

500 

«c- 

Reclaim  Bo.  3 

SF6-6203 

JP-6 

425 

C(V5 

Reclaim  Bo.  4 

TSF-6206 

*TSJF 

425 

500 

Reclaim  Bo.  5 

SF6-6207 

JP-6 

425+ 

525 

Reclaim  Bo.  6 

SF6-6208 

JP-6 

425+ 

500 

Reclaim  Bo.  7 

SF6-6209 

JP-6 

4oo 

500 

Reclaim  Bo.  8 

SF6-6213 

JP-6 

425+ 

525 

Reclaim  Bo.  9 

SF6-6214 

JP-6 

425+ 

525+ 

Reclaim  Bo.  10 

TSF-6312 

*TSJF 

400 

475 

*  Thermic  Stable  Jet  Fuel,  MIL-F -25524a  (usaf) 
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Sable  3 


Code 

Identification  for 

Contractor 

Blended  Fuels 

Contractor 

ASTM-CRC  Coker 

Break  Point  Temperature 

Fuel  Code  No, 

Source 

Preheater ,  “F 

Filter. 

Reclaim  No.  11 

Ashland  Tk  76 

JP-6 

375 

525 

Reclaim  No.  12 

Ashland  Tk  78 

JP-6 

375 

550 

Reclaim  No.  13 

50$  Ash.  Tk  78 
50$  Fresh  JP-6 

No  additives 

JP-6 

425 

575 

Reclaim  No.  14 

50$  Ash.  Tk  78 
50$  Fresh  JP-6 
With  additives 

JP-6 

450 

575 

Reclaim  No.  15 

50#  Ash.  Tk  78 
50$  Fresh  TSJF 
With  additives 

*TSJF 

425 

550 

Reclaim  No.  16 

50$  Ash.  Tk  78 
50$  Fresh  JP-6 
With  anti -icing 

JP-6 

375 

500 

Reclaim  No.  17 

10$  Ash,  Tk  78 
90$  Fresh  JP-6 

No  additives 

JP-6 

400 

525 

Reclaim  No.  18 

10$  Ash.  Tk  78 
90$  Fresh  JP-6 
With  additives 

JP-6 

450 

575 

Reclaim  No.  19 

10$  Ash.  Tk  78 
90$  Fresh  JP-6 
With  additives 

JP-6 

450 

575 

*  Thermally  Stable  Jet  Fuel,  MIL-F -25524a  (USAF) 
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Table  4 


The real  Stability  Data  for  Doctor  Treated  Kerosene 


lots:  The  analysis  of  the  original  doctor  treated  kerosene  (Table  5) 
is  representative  of  all  the  fuels  used  for  the  research  vork 
shown  above. 
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Table  5 


Analysis  of  Doctor  Treated  Kerosene 


Gravity,  “API 
Distillation :  IBP,  °F 

10^  Evap.,  °p 
50^  Evap.,  °F 
90^  Evap„,  y 
EP,  °F 

Residue,  volume  $ 
Loss,  volume  £ 

Say  bo It  Color 
Freezing  Point,  *F 
Viscosity,  cs  at  -30  F 
Flash  Point,  °F 
Gum:  Existent,  ag/lOO  ml 
Potential,  ng/lOO  ml 
Water  Tolerance ;  Interface 

Vol.  change 

Water  Separometee:  WSIM 
Moisture,  ppm 

Set  Heat  of  Combustion,  Btu/lb 
Aniline-Gravity  Product 
Corrosion 

Sulfur:  Mercaptan,  weight  # 
Total,  weight  $ 

X>octor  Test 
Aromatics,  volume  $ 

Olefins,  volume  % 

Smoke  Point,  mm 
Naphthalene,  weight  $ 

Copper,  ppb 
Xndene,  ppm 
Iron,  ppm 
Lead.,  ppb 

Nitrogen:  Basic,  ppm 
Pyrrole,  ppm 
Peroxide,  ppm 
Phenol,  ppm 
Saponification  Number 
Sodium,  ppm 
Sulfonate,  ppm 


43.7 

342 

364 


406 

460 

482 


1 

0 

25 
-56 
8.26 
132 
2.0 
3.6 
1 

0 

89 

58 

18602 

6297 

1A 

0.001 

0,063 

Sweet 

12.3 

3.0 

26 


2.02 

8.8 

38 

0.05 

34.7 

1.8 


0.93 

0.89 

70 

0.20 

4.64 


Nil 
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Table  6 


Physical  sad  Chemical  Tests  on  Fuels 
Reels la  So.  1 


Aged 

Before 

After 

After 

Treat 

Treat 

Treat 

Gravity,  *kFI 

50.0 

Distillation:  IBP,  *F 

290 

10*  Evap. ,  *? 

305 

50*  Evap.,  *F 

326 

90 *  Evap.,  *f 

360 

EP,  *F 

404 

Residue,  volume  * 

1.0 

Loss,  volume  * 

1.0 

Saybolt  Color 

Yellow 

Freezing  Point,  *F 

-70- 

Viscosity,  cs  at  -40  F 

3.70 

Particulate  Matter,  ag/gsl,  0.45^  Filter 

1.1 

0.8 

Sua:  Existent,  ag/lOO  ml 

0.4 

Potential,  mg/ 100  ml 

2.1 

5.4 

Water  Reaction  Index 

1 

Water  Separoaeter :  VSI 

82.3 

VSXM 

56.O 

Moisture,  ppm 

48.0 

Specific  Heat  at  300  F 

0.612 

Bet  Beat  af  Combustion,  Btu/lb 

18,725 

Aniline -(gravity  Product 

7475 

Corrosion,  copper  strip  at  212  F 

1A 

Sulfur:  Mercaptan,  weight  * 

Total,  weight  * 

0.0006 

0.044 

Doctor  Teat 

Sweet 

Aromatics,  volume  * 

9.5 

Olefins,  volume  * 

1.0 

0.9 

Smoke  Point,  mu 

25,0 

0.06 

naphthalene,  weight  £ 

0.25 

0.10 

Copper,  ppb 

35*0 

50.0 

4.0 

Indent,  ppm 

61 

9 

34 

Iron,  ppm 

28 

0.68 

Lead,  pffc 

22.8 

27.2 

Hi trogen :  Sasic,  ppm 

2.1 

1.9 

0.6 

Pyrrole,  ppm 

0.3 

0.1 

Hil 

Oxygen,  Dlsaolved,  ppm 

35-0 

0,44 

Peroxide,  ppm 

1.50 

Sodium,  ppm 

2.39 

4.85 

Sulfonate,  ppm 

0.055 

Hil 
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T&ble  6  (Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Reclaim  No,  2 


Gravity,  “API 
Distillation:  IBP,  °F 

10^  Evap.,  *F 
50$  Evap.,  *p 
90^  Evap.,  °F 
EP,  *F 

Residue,  volume  $ 

Loss*  volume  # 

Saybolt  Color 
Freezing  Point,  “F 
Viscosity,  cs  at  -40  F 
Particulate  Matter,  mg/gal,  0.k5M  Filter 
Gum:  Existent,  mg/ 100  ml 
Potential,  mg/ 100  ml 
Water  Reaction  Index 
Water  Separometer :  WSI 

VSIM 

Moisture,  ppm 
Specific  Heat  at  300  T 
Net  Beat  of  Combustion,  Btu/lb 
Aniline -Gravity  Product 
Corrosion,  copper  strip  at  212  F 
Sulfur:  Mercaptan,  weight  % 

Total,  weight  *fc 
Doctor  Test 
Aromatics,  volume  i» 

Olefins,  volume  % 

Smoke  Point,  mm 
Naphthalene,  weight 
Copper,  ppb 
Indene,  ppm 
Iron,  ppm 
Lead,  ppb 

Nitrogen:  Basic,  ppm 

Pyrrole,  ppm 
Oxygen,  Dissolved,  ppm 
Peroxide,  ppm 
Sodium,  ppm 
Sulfonate,  ppm 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

49.8 

290 

300 

316 

344 

364 

0.5 

0.5 

+30 

-70- 

3-52 

1.1 

0.2 

0.2 

2.1 

2.8 

1 

85.6 

57-0 

45.0 

51.9 

0.612 

3.1 

18,625 

6524 

1A 

0.0006 

0.052 

Sweet 

8.2 

3.1 

0.07 

23.0 

0.02 

0.10 

33.0 

38.0 

15.0 

6 

0 

3 

17 

0.42 

14.2 

25.3 

0.7 

<1.0 

7.3 

0.2 

0.1 

Nil 

32.5 

0.50 

0.44 

0.00 

3.00 

0.029 

Nil 

7* 


$*.Me  6  (Continued) 

Bsysi cal  Md  Chemical  Tests  on  Fuels 
Beelai*  Ho.  3 


Gravity,  'API 
Instillation:  IBP,  *y 

*0  Imp.,  *f 
50  Evap. ,  *f 
90  Evap.,  *f 
EP,  *? 


*'-*'«*>*»*«  ^  t  i  ill  mr 

„  .  .  Loss,  volume  4 

Saybolt  Color 
Freezing  Point,  *F 
Viscosity,  cs  at  -40  F 
Bwrticulate  *tetter,  ag/gal,  0.4$^  Fiite 
Chm:  Existent,  ag/100  ad  ^ 
Potential,  ng/100  ad 
Vatar  Reaction  Index 
Rater  Separoaeter :  WSI 

_  VSIM 

Moisture,  ppm 

Specific  Beat  at  300  ¥ 

Bet  Heat  of  Combustion,  Btu/lb 
Aniline-<Sravlty  Product 
Corrosion,  copper  strip  at  £1?  f 
Sulfur;  Mercaptan,  weight  £ 

Total,  weight* 

Doctor  Teat 


Aromatics,  volume  * 
Olefins,  volume  4 
Smoke  Point,  ms 
Naphthalene,  weight  % 
Copper,  ppb 
Indene,  ppm 
Iron,  ppm 
I/*ad,  ppb 

Nitrogen:  Basic,  ppm 

_  Pyrrole,  ppu 

Oxygen,  Dissolved,  ppm 
Peroxide,  ppm 
Sodium,  ppm 
Sulfonate,  ppm 


Before  After 
Treat  Treat 

49.8 

290 

304 

318 

344 

379 

1.0 

0.5 

+30 

-70- 

3.28 

1.3 
0.2 
0.6 
1 

89-7 

58.0 

34.3 
0.612 
18,623 
6499 
1A 


0.0006 

0.053 

Sweet 


2.8 

10.5 

1.2 

26.0 

0.14 

0.04 

26.0 

11.0 

6 

1 

18.0 

0.62 

16.0 

1.3 

2.0 

0.2 

0.2 

31.7 

0.80 

1.00 

0.110 

Aged 

After 

Treat 


0.4 

0.6 


45.6 


0.04 

10.0 

17 

24.7 

7.3 

Nil 

0.20 

5.01 

Nil 
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Table  6  (Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Reclaim  Ho.  4 


Gravity,  ®AFI 
Distillation:  HP.  y 

10^  Evap.,  ®F 
50%  Evap.,  *F 
90^  Evap. ,  ®F 
EP,  °F 

Residue,  volume  $ 

Loss,  volume  5» 

Saylolt  Color 
Freezing  Point,  °F 
Viscosity,  cs  at  -40  F 
Particulate  Matter,  «g/gal,  Q.h^u  Filter 
Gum:  Existent,  mg/100  ml 
Potential,  ag/ioo  ml 
Water  Reaction  Index 
Water  Separometer :  WSI 

WSIM 

Moisture,  ppm 
Specific  Heat  at  300  F 
Het  Heat  of  Combustion,  Btu/lb 
Aniline-Gravity  Product 
Corrosion,  copper  strip  at  212  F 
Sulfur:  Mercaptan,  weight  % 

Total,  weight  % 

Doctor  Test 
Aromatics,  volume  $ 

Olefins,  volume  % 

Smoke  Point,  am 
naphthalene ,  weight  % 

Copper,  ppb 
Indene,  ppm 
Iron,  ppm 
Lead,  ppb 

Nitrogen:  Basic,  ppm 
IVrrole,  ppm 
Oxygen,  Dissolved,  ppm 
Pero.iide,  ppm 
Sodium,  ppm 
Sulfonate,  ppm 


Aged 

Before  After  After 

Treat  Treat  Treat 


0.5 


i*7,9 

326 

340 

356 

400 

440 


1.0 


1.5 

+23 

-80- 


5.13 

1.9 

0.2 

1.2 


1 

98.7 

36.0 

38.2 

0.608 


18,639 

6658 

1A 


0.0006 


0.2 

1.7 


O.C32 

Sweet 

11.7 

0.6 

27.0 

O.29 

0.04 

24.0 

12.5 

5 

33 

0.6l 

4.0 

3.8 

4.4 

0.1 

Hil 

31.4 

1.70 

1.50 

1.90 

0.110 

Hil 
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Table  6  (Continued) 


,  Physical  and  Chemical  Tests  on  Fuels 
Reclaim  No.  5 


Before 

After 

Treat 

Treat 

Gravity,  *API 

50.2 

Distillation:  IBP,  *9 

290 

10$  Evap.,  "F 

305 

50$  Evap.,  *F 

320 

90$  Evap.,  °F 

366 

£F,  °F 

4l4 

Residue,  volume  $ 

0.4 

loss,  volume  $ 

0.6 

Saybolt  Color 

+16 

Freezing  Point,  “F 

-70- 

Viscosity,  cs  at  -40  F 

3.59 

Particulate  Matter,  mg/gal,  0.45/*  Filter 

1.7 

Gam:  Existent,  mg/ 100  ml 

0.0 

Potential,  mg/ 100  ml 

2.0 

Water  Reaction  Index 

1 

Water  Separooeter :  W8I 

63.9 

WSXM 

47.0 

Moisture,  ppm 

40.2 

Specific  Heat  at  300  F 

0.612 

Net  Beat  of  Combustion,  Btu/lb 

18,646 

Aniline-Gravity  Product 

6727 

Corrosion,  copper  strip  at  212  F 

1A 

Sulfur:  Mercaptan,  weight  $ 

0.0006 

Total,  weight  $ 

0.021 

Doctor  Test 

Sweet 

Aroomtica,  volume  $ 

9*4 

Olefins,  volume  $ 

0.7 

c.8 

Smoke  Point,  mm 

30.0 

Naphthalene,  weight  $ 

0.19 

0.11 

Copper,  ppb 

137*0 

18.0 

Indcnc,  ppm 

96 

14 

Iron,  ppm 

0.28 

lead,  ppb 

10.8 

Nitrogen:  Basic,  ppm 

1.6 

4.0 

Pyrrole,  ppm 

0.3 

0.1 

Oxygen,  Dissolved,  ppm 

41.4 

Peroxide,  ppm 

0.70 

Sodium,  ppm 

2.85 

Sulfonate,  ppm 

0.005 

Aged 

After 

Treat 


0.4 

1.6 


0.10 

5.0 

37 


4.4 

Nil 

0.44 

Nil 
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Table  6  (Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Reclaim  No.  6 


Gravity,  “API 
Distillation:  IBP, 

1C$  Evap.,  °y 
50$  Evap.,  °p 
90$  Evap,, 

EF,  °F 

Residue,  volume  % 
Loss,  volume  $ 

Saybolt  Color 
Freezing  Point,  °F 
Viscosity,  cs  at  -4o  F 
Particulate  Matter,  mg/gal,  0. 
Gum:  Existent,  s^/100  ml 
Potential,  mg/ 100  ml 
Water  Reaction  Index 
Water  Separometer :  WSI 

WSIM 

Moisture,  ppm 
Specific  Heat  at  300  F 
Het  Heat  of  Combustion,  Btu/lb 
And line -Gravity  Product 
Corrosion,  copper  strip  at  212  F 
Sulfur:  Mercaptan,  weight  $ 
Total,  weight  f 
Doctor  Test 
Aromatics,  volume  $ 

Olefins,  volume  $ 

Smoke  Point,  SBB 
naphthalene,  weight  % 

Copper,  ppb 
Indene,  ppm 
Iron,  ppm 
Lead,  ppb 

Nitrogen:  Basic,  ppm 
Pyrrole,  ppm 
Oxygen,  Dissolved,  ppm 
Peroxide,  ppm 
Sodium,  ppm 
Sulfonate,  ppm 


Filter 


Before 

‘Treat 


1.2 

0.12 

15.0 

8 


1.1 

0.2 


After 

Treat 

49.7 

290 

302 

312 

337 

390 

0.7 

1.3 

+30 
-70- 
3.31 
1.5 
0.0 
2#  6 
1 

93-0 

4l.O 

53.1 
0.611 
18,606 
6337 
1A 

0.0006 

0.023 

Sweet 

12.1 
0,5 
28  ..0 
0,02 
25.0 
0 

O.36 

9.4 

2.0 

0.1 

38.6 

0.60 

O.76 

0.014 


Aged 

After 

Treat 


0.4 

5.2 


0.21 

9.0 


4.4 

Nil 

0.36 

Nil 
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Table  6  (Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Bee lain  go,  7 


I 

4 


r 

i 


Gravity,  “API 
Distillation:  IBP,  *y 

IO56  Evap.,  ®F 
50j6  Evap.,  °F 
90^6  Evap.,  °F 
EP,  °F 

Residue,  volume  "fa 
loss,  voluae  % 

Saybolt  Color 
Freezing  Point,  *P 
Viscosity,  cs  at  -4o  F 
Particulate  Jfetter,  s«/gal,  0.45* 
GN*a:  Existent,  m&/lDO  ml  " 

Potential,  s^/lOO  ml 
Water  Reaction  Index 
Water  Separoaeter :  WSI 

WSIM 

Moisture,  ppm 
Specific  Heat  at  300  P 
Set  Heat  of  Combustion,  Btu/lb 
Aniline-Ckr.- vity  Product 
Corrosion,  copper  strip  at  212  F 
Sulfur:  Mercaptan,  weight  % 

Total,  weight  > 

Doctor  Test 
Aromatics,  volume  i 
Olefins,  volume  % 

Smoke  Point,  ns 
•aphtha lene ,  weight  £ 

Copper,  ppb 
Xndene,  ppm 
Iron,  ppm 
lead,  ppb 

litrogen :  Basic,  ppm 
pyrrole,  ppm 
Oxygen,  Dissolved,  ppm 
Peroxide,  ppm 
Sodium,  ppm 
Sulfonste,  ppm 


Filter 


Before  After 

Treat  Trer 


0.7 


O.39 

146.0 

145 

128 

1.7 

0.2 


49.0 

300 

311 

334 

372 

412 

0.5 

0.5 

+16 

-70- 

4.27 

2.2 

1.0 

1.0 

1- 

99.7 

53.0 

39.2 

0.610 

18,632 

6591 

1A 

0.0006 

0.018 

Sweet 

11.6 

0.6 

30.0 

0.17 

<10.0 

0 

0.72 

19.9 

<1.0 

0.1 

31.6 
0.90 
2.1 1 
0.160 


Aged 

After 

Treat 


0.8 

1.4 


0.17 

7.0 


4.4 

Nil 


0.53 


Nil 
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Table  6  (Continued) 
Physical  and  C heal cal  Teats  on  Fuels 
Reclaim  Ho.  8 


Gravity.  "API 
Distillation:  IBP,  ®F 

10#  Evap.,  *F 
Evap., 

90 4  Evap.,  °F 
EP,  *F 

Residue,  volume  $ 
Loss,  volume  4 

Saybolt  Color 
Freezing  Point,  *F 
Viscosity,  cs  at  -to  F 


Articulate  Jfetter,  wg/gal. 
Gum:  Existent,  ag/iOO  ml 
Potential,  a«/lOO  ml 
Water  Reaction  Index 
Water  Separometer :  WSI 


0.45^  Filter 


WSIM 

Moisture,  ppm 
Specific  Seat  at  300  F 
Set  Bleat  of  Combustion,  Btu/lb 
Aniline-Gravity  Product 
Corrosion,  copper  strip  at  21 2  F 
Sulfur:  Mercaptan,  weight  % 
Total,  weight  % 

Doctor  Test 
Aromatics,  volume  4 
Olefins,  volume  % 

Smoke  Point,  nun 
naphthalene,  weight  4 
Copper,  ppb 
Indene,  ppm 
Iron,  ppm 
Lead,  ppb 

Bitrogen :  Basic,  ppm 

Pyrrole,  ppm 
Oxygen,  Dissolved,  ppm 
Peroxide,  ppm 
Sodium,  ppm 
Sulfonate,  ppm 


Aged 

Before  After  After 

Treat  Treat  Treat 


0.8 


o.kz 

49.0 

94 

262 


1.9 

0.3 


48.8 

304 

320 

3to 

377 

4i4 

0.2 

0.8 

+16 

-70- 

4.37 

1.0 

1.8 

0.2 

3.0 

3,5 

1 

66.0 

39.0 

32,3 

0.610 

18,635 

6612 

1A 

0.0006 

0.022 

Sweet 

11.1 

0.7 

29.5 

0.21 

0.15 

<10.0 

20.0 

14 

0.63 

19.1 

27.8 

1.0 

4.4 

0.1 

38.2 

0.60 

0.44 

0.00 

0.180 

0.002 

00 


Table  6  (Continued) 
Physical  and  Cheati.es!  Teats  on  Fuels 
Reclaim  Xo.  9 


Aged 

Before  After  After 

Treat  Treat  Treat 


Gravity,  ‘API 
Disti llatioa:  IBP,  *F 

10^  Evap.,  °F 
50£  Evap.,  °F 
90*  Evap.,  °F 
EP,  °F 

Residue,  volume  * 
Loss,  voliuse 

Say  bo It  Color 
Freezing  Point,  °F 
Viscosity,  cs  at  -40  F 
Particulate  Matter,  mg/gal,  0.45,u 
Gust:  Existent,  ag/100  ml 
Potential,  mg/100  ml 
Water  Reaction  Index 
Water  Separometer :  VS I 

WSIM 

Moisture,  ppm 
Specific  Heat  at  300  F 
Jfet  Heat  of  Combustion,  Btu/lb 
Ani line -Gravity  Product 
Corrosion,  copper  strip  at  212  F 
Sulfur:  Mercaptan,  weight  * 

Total,  weight  i> 

Doctor  Test 
Aromatics,  volume  * 

Olefins,  volume  % 

Smoke  Point,  mm 
naphthalene,  weight  % 

Copper,  ppb 
Indene,  ppm 
Iron,  ppm 
Lead,  ppb 

Mitrogen:  Basic,  ppm 

lyrrole,  ppm 
Oxygen,  Dissolved,  ppm 
Peroxide,  ppm 
Sodium,  ppm 
Sulfonate,  ppm 


49.4 

300 

314 

332 

370 

400 

0.4 

0.6 

+16 

-70- 

5-09 

Filter  3-2 

1.2  0.2 

1.0  1.9 

1 

86.3 

37-0 

38.2 

0.611 

18,638 

6644 

1A 


1.1 

0.0006 

0.019 

Sweet 

11.4 

0.9 

0.29 

30.0 

0.18 

0.09 

48.0 

<10.0 

11.3 

95 

8 

90 

O.72 

16.3 

25.3 

2.1 

1.0 

3.5 

0.3 

0.1 

40.3 

1.42 

0.36 

2.05 

0.000 

Nil 
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Table  6  {Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Reclaim  No.  ?0 


Before  Aftei 
Treat  Treat 


Gravity,  °API 

47.6 

Distillation:  IBP,  °F 

316 

10#  Evap.,  ®F 

332 

50#  Evap.,  °F 

358 

90#  Evap.,  ®F 

390 

EP,  ®F 

420 

Residue,  volume  # 

0.3 

Loss,  volume  $ 

0.7 

Saybolt  Color 

+28 

Freezing  Point,  °F 

-80- 

Viscosity,  cs  at  -40  F 

5-53 

Particulate  Ifetter,  mg/gal,  0.45/,#  Filter 

2.1 

Gum:  Existent,  mg/lOO  ml 

0.6 

Potential,  mg/100  ml 

1.4 

Water  Reaction  Index 

1 

Water  Separometer :  WSI 

74.3 

WSIM 

28.0 

Moisture,  ppt 

53-9 

Specific  Beat  at  300  F 

0.607 

Net  Heat  of  Combustion,  Btu/lb 

18,628 

Aniline -Gravity  Product 

6545 

Corrosion,  copper  strip  at  212  F 

1A 

Sulfur:  Mercaptan,  weight  # 

0.0030 

Total,  weight  # 

0.025 

Doctor  Test 

Sour 

Aromatics,  volume  # 

12.8 

Olefins,  volume  # 

0.7 

0.8 

Smoke  Point,  mm 

28.0 

Naphthalene,  weight  # 

o.Ql 

0.13 

Copper,  ppb 

13.0 

13.0 

Indene,  ppm 

38 

16 

Iron,  ppm 

59 

1.11 

Lead,  ppb 

22.0 

Nitrogen:  Basic,  ppm 

1.7 

1.0 

iyr:*ole,  ppm 

0.2 

0.1 

Oxygen,  Dissolved,  ppm 

37.7 

Peroxide,  ppm 

1.36 

Sodium,  ppm 

0.65 

Sulfonate,  ppm 

0.054 

Agtd 

After 

Treat 


0.4 

5.8 


0.27 

10.0 


25-3 

5.3 


0.44 

0.062 
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Table  6  (Continued.) 

Physical  and  C  heal  cal  Teats  on  Fuels 
Fecial  a  So,  11 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Gravity,  'API 

46. 5 

46.5 

Distillation :  IBP,  T 

330 

325 

10*  Evap.,  *F 

340 

334 

50*  Evap,,  *F 

355 

356 

90*  Evap.,  *F 

376 

378 

EP,  *F 

416 

412 

Residue,  volume  * 

0.5 

1.2 

loss,  volume  * 

1.0 

1.3 

Saybolt  Color 

+15 

+30 

Freezing  Point,  *F 

-70- 

-80- 

Viscosity,  cs  at  -40  F 

5.52 

4.99 

Particulate  Matter,  mg/gal,  0.6  m  Filter 

2.3 

«•  « 

O.kfyt  Filter 

7.6 

1.5 

Gum:  Existent,  mg/ 100  ml 

0.4 

0.6 

0.2 

Potential,  mg/ 100  ml 

4.3 

2.8 

1.2 

Veter  Reaction  Index 

4 

1 

Water  Separometer :  WSI 

8.3 

89.3 

WSIM 

27.0 

55.0 

Moisture,  ppm 

36.0 

28.8 

16.3 

Specific  Heat  at  300  F 

0.607 

0.605 

Met  Seat  of  Cosfcustion,  Btu/lb 

18,615 

18,604 

Ani line -Gravity  Product 

6426 

6314 

Corrosion,  copper  strip  at  212  F 

3B 

IB 

Sulfur :  Mercaptan,  weight  * 

Total,  weight  * 

0.0006 

0.0006 

0,026 

0.020 

Doctor  Test 

Sweet 

Sweet 

Aromatics,  volume  * 

11.7 

12.6 

Clef ins,  volume  * 

3.0 

1.5 

Smoke  Point,  am 

23.0 

24.0 

naphthalene,  weight  * 

0.11 

0.11 

0.19 

Copper,  ppb 

30.0 

49.0 

12.5 

Indene,  ppm 

89 

51 

62 

Iron,  ppm 

0.32 

0.002 

Lead,  ppb 

55.6 

2.5 

51.4* 

ntrogen:  Basie,  ppm 

3.0 

5.0 

5-9 

Pyrrole,  ppm 

0.30 

0.00 

0.01 

Oxygen,  Dissolved,  ppm 

32.6 

46.0 

Peroxide ,  ppm 

3.40 

3.60 

0.98 

Sodium,  ppm 

1.86 

2.08 

1.49 

Sulfonate,  ppm 

0.507 

0.100 

0.000 

*  Lead  content  Is  abnormally  high  because  of  using  tin  coated  storage  cans. 
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Table  6  (Continued) 


Physical  and  Cheat! cal  Tests  on  Fuels 
Reclaim  Ko.  12 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Gravity,  ‘API 

46. 5 

46.5 

Distillation:  IBP,  °F 

322 

324 

10$  Evap.,  ®F 

340 

340 

50$  Evap.,  °F 

354 

356 

90$  Evap.,  *F 

376 

378 

EP,  °F 

412 

401 

Residue,  volume  $ 

0.7 

1.2 

Loss,  volume  $ 

1.3 

0.8 

Say bo It  Color 

+15 

+30 

Freezing  Point,  °F 

-70- 

-80- 

Viscosity,  cs  at  -40  F 

5-30 

4.84 

Particulate  Matter,  mg/gal,  0.8x<  Filter 

13.2 

-- 

0 ,k%u  Filter 

15.1 

1.9 

Gum:  Existent,  mg/100  ml 

0.2 

0.6 

0.2 

Potential,  mg/lCO  ml 

1,2 

2.9 

1.6 

Water  Reaction  Index 

4 

1 

Water  Separoaeter:  %'S I 

15.6 

70.3 

WSXM 

44.0 

50.0 

Moisture,  ppm 

62.6 

40.8 

25.5 

Specific  Heat  at  300  F 

0.607 

0.605 

Bet  Heat  of  Combustion,  Btu/lb 

18,615 

18,604 

Aniline-Gravity  Product 

6426 

6314 

Corrosion,  copper  strip  at  212  F 

3B 

1A 

Sulfur:  Mercaptan,  weight  $ 

0,0006 

0.0006 

Total,  weight  $ 

0.018 

0.023 

Doctor  Test 

Sweet 

Sweet 

Aromatics,  volume  $ 

U.  5 

13.1 

Olefins,  volume  $ 

2.8 

1.6 

Smoke  Point, ,  mm 

23.O 

24.0 

Naphthalene,  weight  $ 

0.11 

0.10 

0.17 

Copper,  ppb 

25.0 

49.0 

7.0 

Indene,  ppm 

85 

56 

56 

Iron,  ppm 

0.40 

0.01 

50.6* 

Lead,  ppb 

468 

7.5 

Hltrogen:  Basic,  ppm 

3.0 

2.0 

5.9 

Pyrrole,  ppm 

0.50 

0.20 

0.00 

Oxygen,  Dissolved,  ppm 

*«0. 5 

38.9 

Peroxide,  ppm 

3.40 

2.90 

0.71 

Sodium,  ppa 

1.69 

1.88 

1.51 

Sulfonate,  ppm 

0.356 

0.110 

0.030 

*  Lead  content  is  abnomally  high  because  of  using  tin  coated  storage  cans 


Table  6  (Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Reclaim  So.  13 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Charity,  *API 

46.9 

46.9 

Distillation:  IBP,  *F 

312 

331* 

10*  Evap.,  *F 

336 

340 

50*  Evap.,  *F 

351 

352 

90*  Evap.,  *F 

374 

374 

BP,  *F 

396 

4l6 

Residue,  volume  * 

1.0 

1.0 

loss,  volume  * 

1.0 

1.0 

Saybolt  Color 

* 22 

+30 

Freezing  Point,  *F 

-70- 

-80- 

Viscosity,  cs  at  -40  F 

5-19 

5.37 

Particulate  Mhtter,  ug/gal,  O.k^u  Filter 

6.8 

3.0 

Oua:  Existent ,  ug/lQO  al 

0.4 

0.2 

0.2 

Potential,  ug/100  al 

3.9 

1.9 

1.0 

Water  Reaction  Index 

1 

1 

Water  Separoaeter:  W3I 

62.6 

97.6 

WSXM 

23.0 

43.0 

Moisture,  ppa 

38.7 

26.8 

27.5 

Specific  Beat  at  300  F 

0.606 

0.606 

Set  Beat  of  Combustion,  Btu/lh 

18,613 

10,6o4 

As  * line-Granty  Product 

6402 

6322 

Coroaion,  copper  strip  at  212  F 

1A 

IB 

Si  ifur:  Mercaptan,  weight  * 

Total,  weight  * 

0.0006 

0.0006 

0.039 

0.014 

Doctor  Test 

Sweet 

Sweet 

Aromatics,  volume  * 

10.7 

13.0 

Olefins,  volume  * 

2.5 

78 

Sack;  ,  me-. 

26.0 

26.0 

Saphthalene,  weight  * 

0.08 

0.08 

0.12 

Copper,  ppb 

26.0 

7.0 

10.0 

Indene,  ppa 

44 

25 

30 

Iron,  ppa 

0.28 

0.04 

Lead,  ppb 

109 

5.0 

55.1* 

Kttrogen :  Basic,  ppa 

<1.0 

<1.0 

Pyrrole,  ppa 

0.50 

0.30 

0.02 

GaQrgen,  Dissolved,  ppa 

34.5 

50.3 

0.62 

Peroxide,  ppm 

1.22 

0.89 

Sodium,  ppa 

3-59 

1.12 

5.31 

Sulfonate,  ppa 

0,132 

0.000 

0.005 

*  Lead  content  is  abnormally  high  because  of  using  tin  coated  storage  cans. 


Table  6  (Continued) 

Physical  and  Chemical  Tests  cm  Fuels 
Reclaim  He.  14 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Gravity ,  "API 

k6. 9 

47.1 

Distillation:  IBP,  °F 

318 

323 

10*  Evap.,  *F 

336 

336 

50*  Evap.,  *F 

351 

350 

90*  Evap.,  y 

yrk 

373 

EP,  °F 

401 

394 

Residue,  volume  * 

0.5 

1.0 

Loss,  volume  * 

1.5 

1.0 

Saybolt  Color 

+22 

+25 

Freezing  Point,  "F 

-70- 

-80- 

Viscosity,  cs  at  -40  F 

5.13 

5.39 

Particulate  Hitter,  mg/gal,  0.45^  Filter 

1.5 

3.0 

0.4 

Gum  .Existent,  mg/ 100  ml 

0.6 

0.2 

Potential,  mg/100  ml 

2.7 

1.0 

1.0 

Water  Reaction  Index 

1 

1 

Water  Separometer :  WSI 

55.7 

97.3 

VSIH 

28.0 

64.0 

Moisture,  ppm 

44.7 

12.0 

23.5 

Specific  Beat  at  300  F 

0.606 

0.606 

Het  Heat  of  Combustion,  Btu/lb 

18,613 

18,607 

6349 

Aniline-Gravity  Product 

6402 

Corrosion,  copper  strip  at  212  F 

1A 

IB 

Sulfur:  Mercaptan,  weight  * 

Total,  weight  * 

0.0006 

0.0006 

O.O35 

0.009 

Doctor  Test 

Sweet 

Sweet 

Aromatics,  volume  * 

13.1 

12.0 

Olefins,  volume  * 

1.6 

1.9 

Smoke  Point,  am 

27.0 

25.0 

naphthalene,  weight  * 

0.08 

0.06 

0.09 

Copper,  ppb 

27.0 

3.0 

5.0 

Indene,  ppm 

48 

20 

22 

Iron,  ppm 

0.41 

0.40 

Lead,  ppb 

40.3 

20.0 

51.9* 

Hitrogen:  Basic,  ppm 

<1.0 

1.0 

Pyrrole,  ppm 

0.40 

0.10 

0.00 

Oxygen,  Dissolved,  ppm 

34.5 

48.6 

0.62 

Peroxide,  ppm 

1.22 

0.71 

Sodium,  ppm 

0.72 

0.66 

4.36 

Sulfonate,  ppm 

0.129 

0.000 

0.000 

*  Lead  content  is  abnormally  high  because  at  using  tin  coated  storage  cans. 
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fable  6  (Continued) 
PbmcAl  wad  Ohwd.ee!  Teet.  on  Fuel* 
Fee  lei*  So,  15 


Before  After 
Treat 


Gravity,  *API 
MatiUetion :  top  *y 

lt>4  Evap.,  *F 
504  Bmp.,  *j> 

90jt  E»j.;  *p 
BP,  *F 

Reeidae,  roluae  4 
_  .  „  U»m,  volute  4 

Say  bolt  Color 

Freeaiaf  Point,  *p 
Viecoelty,  ca  at  -40  p 
articulate  Jfctter,  ag/gal,  0.4^ 
®w:  AcUrteat,  ag/100  ul  ^ 

Potential,  au/lOO  al 
Vater  Reaction  Index 
*fater  Separoneter :  WSI 

VS  IN 

Mcdeture,  ppm 
Specific  Beat  at  300  F 
Vet  Beat  of  Co*uation,  Btn/lh 
AaiHua-armrlty  Product 
Corrosion,  copper  atrip  at  212  p 
Sulfur;  Mercaptan,  weight  f 
*otal,  weight  4 
Doctor  Teat 
Aro uatlca,  voluae  4 
Olafina,  rolaae  4 
Saoke  Point,  aai 
JMpht.ha.1ewe,  weight  4 
Copper,  yph 


Aged 

After 

Treat 


Filter 


Iroa,  ppa 
Lead,  nk 

■itrogea:  laaic,  ppa 

_ _  ftrrrole,  ppa 

laaygen,  OLaaolvad,  ppa 
Peroxide,  ppa 
Sodiaa,  ppa 
Sulfonate,  ppa 


46.9 
322 
336 
352 
3?6 
4o4 
1.0 
1.0 
+22 
-80- 
4.8? 

4.9 
2.4 

3.7 

1 

50.9 
22.0 
42.1 
0.606 
18,615 
6425 
1A 

0.0006 

0.034 

Sweet 

10.8 

2.6 

27.0 

0.08 

33.0 

33 

0.92 

37.8 

2.0 

0.10 

27.6 

1.06 

2.05 

0.177 


47.0 

329 

336 

350 

374 

4o8 

1.0 

1.0 

+30 

-80- 

5.30 

2,0 

0.4 

1.3 

1 

93 .9 
46.0 
18.6 
0.606 
18,607 
6345 
IB 

0.0006 

0.020 

Sweet 

13.6 

1.6 

27.0 

0.08 

<10.0 

16 

0.77 

8.5 

3.0 

0.10 

4o.l 

0.71 

2.64 

0.000 


18.4 


0.08 

15-0 

33 

22.2* 

3.0 

0.00 

0.58 

7.5  9 

0.000 


#L°*d  C#,rt“-*  “  •bBC™U»  »•»<■«  Of  «10«  Mo  COMM  «... 
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Table  6  (Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Reclaim  Ho.  l6 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Gravity,  'API 

ko.9 

k?-l 

Distillation:  EBP,  °F 

322 

332 

104  Evap.,  *F 

338 

338 

50$  Evap.,  °F 

352 

352 

90$  Evap.,  °F 

3?o 

37k 

EP,  °F 

ko8 

39k 

Residue,  volume  $ 

0.5 

1.0 

Loss,  volume  4 

0.5 

1.0 

Say 't>o It  Color 

+27 

+30 

Freezing  Point,  °F 

-70- 

-80- 

Viscosity,  cs  at  -kO  F 

5.23 

5.32 

Particulate  Matter,  mg/gal,  0.45^  Filter 

2.3 

1.2 

Gum:  Existent,  mg/ 100  ml 

0.6 

0.8 

0.6 

Potential,  mg/ 100  ml 

1.8 

3.7 

l.k 

Water  Reaction  Index 

1 

1 

Water  Sepe  rometer :  WSI 

55-6 

92.9 

VSIM 

26.0 

46.0 

Moisture,  ppm 

3k.k 

36.9 

23.5 

Specific  Heat  at  300  F 

0.606 

0.606 

Met  feat  of  Combustion,  Btu/lb 

18,610 

18,612 

Aniline -Gravity  Product 

6378 

6391 

Corrosion,  copper  strip  at  222  F 

1A 

2A 

Sulfur:  Mercaptan,  weight  4 

0.0006 

0.0006 

Total,  weight  4 

0.02k 

0.020 

Doctor  Test 

Sweet 

Sweet 

Aromatics,  volume  4 

11.7 

12.7 

Olefins,  volume  4 

1.7 

l.k 

Smoke  Point,  am 

28.0 

25.O 

Naphthalene,  weight  % 

0.07 

0.08 

0.12 

Copper,  ppb 

30.0 

<10.0 

30.0 

Indene,  ppm 

kk 

23 

28 

Iron,  ppm 

o.ko 

0.83 

Lead,  ppb 

92.0 

5.1 

2k.  7* 

Nitrogen:  Basic,  ppm 

<1.0 

6.5 

Pyrrole,  ppm 

0.00 

0.00 

0.00 

Oxygen,  Dissolved,  ppm 

25.8 

39-k 

O.67 

Peroxide,  ppm 

1.22 

0.89 

Sodium,  ppm 

3.08 

1.67 

6.99 

Sulfonate,  ppm 

0.183 

0.000 

0.009 

*Lerd  content  is  abnormally  high  because 

of  using  tin 

coated 

Btcrage  cans. 

88 


"■’able  6  (Continued) 
Physical  and  Chemical  Teste  on  Fuels 


Fee  lain  So.  17 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Gravity,  'API 

48.1 

48.0 

Distillation ,*  IBP,  *F 

324 

326 

10*  Evap*,  *F 

332 

332 

50>  Swap.,  *F 

342 

3^3 

90%  Evap. ,  *F 

366 

366 

EP,  *F 

406 

388 

Residue,  volume  i 

1.0 

1.0 

Lose,  volume  i> 

0.0 

1.0 

Saybolt  Color 

+30 

+30 

Freezing  Point,  *P 

-80- 

-00- 

Viscoaity,  ce  at  -40  F 

5*21 

4.96 

Particulate  Natter,  ag/gal,  0.45^  Filter 

3.4 

2.7 

Guffl:  Existent,  rag/ 100  ml 

0.4 

0.4 

0.4 

Potential,  rag/lQO  ml 

1.6 

0.6 

1.1 

Hater  Reaction  Index 

1 

1 

Water  Sepa  reader :  WSI 

71.9 

99.7 

WSIM 

35.C 

50.0 

Moisture,  ppm 

36.4 

38.2 

21.4 

Specific  Boat  at  300  F 

0.608 

0.608 

Net  Beat  of  C embus t Ion,  Btu/lb 

16,633 

18 ,626 

Aniline-Gravity  Product 

6595 

6528 

Corrosion,  copper  strip  at  212  F 

1A 

IB 

Sulfur:  Mercaptan,  weight  £ 

0.0006 

0.0006 

Total,  weight  > 

0.023 

0.015 

Doctor  Test 

Sweet 

Sweet 

Aroaatics,  volume  % 

9-5 

10.7 

Olefins,  volume  f 

1.7 

1.5 

Smoke  Point,  am 

25.0 

27.0 

Naphthalene,  weight  % 

0.15 

0.06 

0.10 

Copper,  ppb 

33.0 

<10.0 

22.5 

Indene,  ppm 

16 

7 

13 

Iron,  ppm 

0.06 

0.22 

Lead,  ppb 

49.7 

27.9 

22.2 

Nitrogen:  Basic,  ppm 

<1.0 

2.8 

3.0 

Pyrrole,  ppm 

0.30 

0.30 

0.00 

Oxygen,  Dissolved,  ppm 

39*6 

47.1 

0.62 

Peroxide,  ppm 

2.84 

0.71 

Sodium,  ppm 

1-79 

0.97 

5.06 

Sulfonate,  ppm 

0.039 

0.000 

0.000 

Table  6  (Continued) 
Physical  and  Chemical  Tests  on  Fuels 
Reclaim  No.  18 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Gravity ,  "API 

47.4 

47.2 

Distillation:  EBP,  °F 

328 

330 

10$  Evap.,  °F 

336 

336 

50$  Evap. ,  °F 

346 

348 

90*  Evap . j  °F 

768 

370 

EP,  °F 

404 

410 

Residue,  volume  $ 

i.C 

1.0 

less,  volume  $ 

0.0 

1.0 

Saybolt  Color 

+29 

+25 

Freezing  Point,  °F 

-80- 

-80- 

Viscosity,  cs  at  -4o  F 

5.23 

5.11 

Particulate  Matter,  mg/gal,  Q.bfy  Filter 

4.9 

1.9 

Gum:  Existent,  mg/100  ml 

0.4 

0.4 

0.2 

Potential,  mg/lOG  ml. 

2.0 

1.0 

1.1 

Water  Reaction  Index 

1 

1 

Water  Separometer :  WSI 

95.0 

98.3 

WSIM 

27.0 

30.0 

Moisture,  ppm 

42.0 

43.7 

22.4 

Specific  Heat  at  300  F 

0.606 

0.606 

Net  Heat  of  Combustion,  Btu/lb 

18,621 

18,615 

Aniline -Gravity  Product 

6484 

6419 

Corrosion,  copper  strip  at  212  F 

1A 

1A 

Sulfur:  Mercaptan,  weight  $ 

0.0006 

0.0006 

Total,  weight  $ 

0.021 

0.018 

Doctor  Test 

Sweet 

Sweet 

Aromatics,  volume  $ 

11.9 

11.6 

Olefins,  volume  $ 

1-5 

1-5 

Smoke  Point ,  mm 

25.O 

26.0 

Naphthalene,  weight  $ 

0.10 

0.06 

0.06 

Copper,  ppb 

19.0 

<10.0 

20.0 

Indene ,  ppm 

23 

12 

12 

Iron,  ppm 

0.34 

0.22 

Lead,  ppb 

52.7 

4.6 

21.5* 

Nitrogen:  Basic,  ppm 

2.S 

3.0 

3.0 

Fyrrole ,  ppm 

0.30 

O.30 

0.00 

Oxygen ,  Dissolved,  ppm 

47.9 

36.3 

Peroxide,  ppm 

0.89 

0.71 

0.62 

Sodium,  ppm 

0.68 

0.72 

5.06 

Sulfonate,  ppm 

0.035 

0.005 

0.000 

*  Lead  content  is  abnormally  high  because 

of  using  tin 

coated 

storage  cans 

Table  6  (Continued) 
Physical  and  Chemical  Teste  on  Fuels 
Reclaim  No.  19 


Before 

After 

Aged 

After 

Treat 

Treat 

Treat 

Gravity,  *APT 

47.3 

47.2 

Distillation:  IBP,  *F 

326 

328 

lOjt  Evap.,  *F 

334 

336 

50*  Evap.,  °F 

344 

347 

90%  Evap.,  °F 

368 

370 

EF,  *F 

403 

4l4 

Residue,  volume  $ 

1.0 

1.0 

Loss,  volume  * 

1.0 

1.0 

Saybclt  Color 

+27 

+25 

Fieezing  Point,  *F 

-80- 

-80- 

Viscosity,  C8  at  -40  F 

5-31 

5.12 

Particulate  Matter,  ag/gal,  0.45^,  filter 

4.5 

2.9 

Gum:  Existent,  mg/100  ml 

0.2 

0.2 

0.4 

Potential.,  mg/ 100  ml 

1.7 

3.8 

1,0 

Water  Reaction  Index 

1 

1 

Water  Separoneter :  W5I 

7S.1 

99.9 

WSIM 

22.0 

50.0 

Moisture,  ppm 

36.4 

29.1 

53.0 

Specific  Heat  at  300  F 

0.606 

0.606 

Net  Heat  of  Combustion,  Btu/lb 

18,620 

18,616 

Aniline -Gravity  Product 

6471 

6429 

Corrosion,  copper  strip  at  212  F 

1A 

1A 

Sulfur:  Mercaptan,  weight  * 

0.0006 

0.0006 

Total,  weight  * 

0.017 

0.027 

Doctor  Test 

Sweet 

Sweet 

Aromatics,  volume  * 

11.0 

H.9 

Olefins,  volume  * 

1.7 

2.2 

Smoke  Point,  ms 

25.0 

26.0 

naphthalene,  weight  * 

0.11 

0.07 

0.04 

Copper,  ppb 

43.0 

<10.0 

5.0 

Indene,  ppm 

18 

4 

14 

Iron,  ppm 

0.62 

0.02 

Lead,  ppb 

48.3 

5,2 

24.7* 

Nitrogen :  Basic ,  ppm 

1.5 

2.5 

1.5 

Pyrrole ,  ppm 

0.30 

0.30 

Nil 

Oxygen,  Dissolved,  ppm 

51.1 

33.4 

Peroxide,  ppm 

0.71 

0.89 

0.31 

Sodium,  ppm 

0.92 

0.88 

3.00 

Sulfonate,  pps 

0.000 

0.010 

0.005 

*  Lead  content  is  abnormally  high  because  of  using  tin  coated  storage  cans 


Table  7 


Growth  Characteristics  of  Bacteria 
Pseudoaonae  Species 


Bacterial  Designation, 
University  of  Dayton 

Culture  Media, 
University  of  Dayton 

Culture  Media, 
Contractor 

Growth 

Rate 

B-40 

B.  Haas  slant ;  JP-4 

B.  Haas  liquid; 

JP-6 

Prolific 

B-hO 

TSA  slant 

B.  Haas  liquid; 

JP-6 

Moderate 

B-40 

T3A  slant 

Nutrient  broth 

Slight 

B-44 

B.  Baas  slant;  JP-4 

B.  Haas  liquid; 

JP-6 

Prolific 

b~hk 

TSA  slant 

B.  Haa3  liquid; 

JP-6 

Slight 

B-bk 

TSA  slant 

Nutrient  broth 

Slight 

B~5b 

B.  Haas  slant;  JP-4 

B*  Haas  liquid; 

JP-6 

Prolific 

B-5^ 

TSA  slant 

B.  Haas  liquid; 

JP-6 

Prolific 

B-54 

TSA  slant 

Nutrient  broth 

Prolific 

Table  8 
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Table  9 


Sample  Schedule  for  Biological  Research 
Standard  Reclamation  Filter 


Inoculated 
Control  Drum 


X  X 


Following 
Chemical  Dryer 

1  gallon  through 
5  gallons  through 
13  gallons  through 


Following 
Reclamation  Filter 

1  gallon  through 
5  gallons  through 
15  gallons  through 


Rotes : 


Column  size  of  chemical  dryer:  0.5  inch  x  60  inches 
Column  size  of  reclamation  filter:  1.0  inch  x  96  inches 


Table  10 

Analysis  of  Extract  'Removed  from  Filter 


Constituents  I 

Ntetel  Deactivator 

ivy 

1.38 

Middle 

O.30 

Naphthalene 

0.53 

0.47 

Sodium 

0.099 

0.014 

lead 

0.086 

0.084 

Indent 

0.051 

0.025 

Raraphenylenedia*lne 

0.0 1*2 

0.0008 

Sulfonate 

0.0047 

o.oon 

Basic  Nitrogen 

0.0018 

0.0002 

Iron 

0.0015 

0.0015 

Pyrrole  Nitrogen 

0.0002 

Nil 

Copper 

0.00012 

Nil 

Media 


Bottom 

0.25 

0.26 

0.011 

0.056 

0.017 

Nil 

Nil 

Nil 

0.0019 

Nil 

Nil 
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Table  U 

Am^ysis  of  Oreaee  Synthes®  i  ted  and  Retained 


Constituents 


1 


JESSL. 


Apparent  naphthalene 

Sulfur 

Indene 

Sulfonate 

J^rapbenylenedianlne 

Metal  Deectivatcr 

Peroxide 

Iron 

Lead 

Copper 

Saponification  number 
Ash  Content 

Total  Analysed  Contaminants 


8.00 

2. (ft 

1.3* 

13*»00 

0,078 

777 

0,063 

629 

0,027 

272 

0.027 

266 

0.020 

200 

0.01? 

172 

0.0017 

17.5 

0.0  (Heutral) 

23.68 

12.  44 

Table  12 


*  * 

t  : 


i 


Effect  of  Petroleum  Sulfonates 


on  Therml  Stability 


Reclaim  go.  12  (pins  Filtration) 

Freheatey 

nnmmixi 

1111111111111 

1111111111221 
Mail/ie<i  Water  Separoaeter  (WSIM) :  98.0 


Colter  Conditions 
^25/525/6 
450/550/6 
475/57 5/6 


j&ff.  Pressure,  in.  Bg 
0.0 
0.0 
0.0 


jaarr  -  - 


Preheater 


Coker  Condition 

**75/575/6  miauBaa 

Hodlfled  Water  Separoaeter  (WSIM) ;  99.0 


Diff.  Pressure,  in. 

0.0 


J£ 


Reclaim  Ko.  jg  (Plus  Filtration  then 

Plus  2  Ppa  Petroleum  Sulfonate) 

Coker  Conditjnnn  . 

It-rc/coi-  /if  - *  Pressure,  in.  Jto 

+  lnnnnini  - - - :-afi 

O.o 


11H111111121 
Modified  Water  Separoaeter  (WSIM):  23.0 

Reclaim  Mo.  jg  (Plue  0>5  ^ 

Plus  Filtration)  1  SUlfomte  then 

Modified  Water  Separoaeter  (WSIM):  98.0 


Reclaim  Mo.  1?  (Plus  Filtration  then 

Plus  0.5  ppm  Petroleum  Sulfonate) 
Modified  Water  Separoaeter  (WSIM):  53.0 
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Table  13 


Effect  of  Peroxides  on  Thermal  Stability 


Preheater,  max  code 


Fuel  450/550/6 

1  JP-6  with  no  treatment  1 

2  JP-6  plus  10  ppm  benzoyl  peroxides  3 

3 Fuel  2  inoculated  and  filtered  1 


Table  14 

Efrect  of  Indenes  on  Thermal  Stability 

Preheater,  max  code 


E“Si  _ 450/550/6 

1  JP-6  with  no  treatment  1 

2  JP-6  plus  25  ppm  indenes  4 

3  Fuel  2  inoculated  and  filtered  1 
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Settle  15 


Effect  of  Ssphthenic  Acid  on  Thermal  Stability 


. . .  Treatment . 

Operating 

Conditions 

Control,  JP-6 
with  no  treatment 

450/550/6 

Control,  JP-6 
with  no  treatment 

*75/575/6 

JP-6  plus  1  ppm 
naphthenic  acid 

*50/550/6 

JP-6  plus  3  ppa 
naphthenic  acid 

*50/550/6 

JP-6  pirns  5  ppa 
naphthenic  acid 

*50/550/6 

JP-6  plus  5  PS* 
naphthenic  acid 
then  reclamation 
filtration 

*50/550/6 

Second  run  for 
confirmation 

*50/550/6 

Diff.  Pressure, 
Preheater  in,  -ft _ 


0.0 


1111111123331  o.i 


o*3 


1111111433331  0.0 

111122 3366443  0.0 


0.0 


0.0 


Votes:  The  last  ran  vas  a  duplicate  of  the  preceding  run  to  confirm 
that  filtration  removes  naphthenic  acid  and  therefore 
rehabilitates  the  fuel. 

All  treatments  were  made  with  the  same  JP-6  jet  fuel. 
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The  standard  reclamation  filtered  samples  gave  negative  results  for  elemental  sulfur 
by  the  mercury  test. 
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Table  l6 


Table  1? 


Phenol  Concent  (pj»)  Before  and  After  Filtration 


Beelaia  Bo* 

Before  Treat 

After  Treat 

1 

250 

10.0 

2 

40 

0.0 

3 

35 

0.0 

4 

— 

0.0 

5 

290 

0.0 

6 

63 

0.0 

7 

320 

0.0 

8 

315 

22.5 

9 

285 

10.0 

10 

250 

15.5 

11 

5.0 

10.0 

12 

5.0 

8.0 

13 

4.0 

f.o 

14 

6.0 

2.0 

15 

6.0 

0.5 

16 

2.0 

G.O 

17 

0.0 

0.0 

18 

0.0 

0.0 

19 

0.0 

8.0 

Bote:  The  before 

treat  results  represent  phenol  contei 

on  fuel  samples  prior  to  filtration.  The  after 
treat  results  represent  phenol  content  on  the  fuel 
saaplee  after  filtration. 
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Table  l8 


Additive  Content  Before  and  After  Reclamation  Filter 


Reclaim  No. 


P&rapheny lenedi ami  ne 
Antioxidant,  Ibs/lQOO  bbl 


Metal  Deactivator 
Ibs/lQOO  bbl 


Before 

After 

Before 

After 

Nil 

o.co 

2.69 

0.00 

0-35 

0.00 

Nil 

0.00 

6.98 

0.00 

0.88 

0.00 

7.36 

0.35 

1.40 

0.00 

0.87 

0.00 

1.54 

0.00 

2.44 

0.00 

Nil 

0.00 

Nil 

0.00 

2.27 

0.00 

0.17 

0.00 

2.36 

0.00 

1.05 

0.00 

1.82 

0.00 

Nil 

0.00 

1.01 

0.00 

2.27 

0.00 

0.33 

0.00 

7-33 

0.00 

1.42 

0.07 

1-57 

0.00 

0.93 

0.00 

7.86 

0.00 

1.83 

0.07 

'♦•19 

0.00 

1.46 

0.16 

1.80 

0.35 

0.94 

0.30 

i.4o 

0.00 

0.40 

0.02 

2.79 

0.00 

2.5O 

0.00 

2.27 

0.00 

1.10 

0.00 

102 


8880 £3 8388888888888 


& 


ff 


» 


a 


c 

ct 


VJl 

O 


M 


£ot 


p-  ^ 


o  o  o  o  rj  o 
o  p  O  o  O  O 

i  §  §  g  3  § 

s  i  $  i  £  g 

I*  H-  M>  >*  >*  u 

S  g  g  §  g  g 


saa 
rry 
H*  R. 


o'o'crpffir 

t*  *->,  h>  5L 

ST  £■£*■***  <+ 

aaaaaa 

%  %  ^  ^  ^ 

w  fo  ro  ro  iu  i\) 


’’tf  **J  **)  *aa 

P*  H*  H*  H*  P*  p. 
M  M  R*  i— i  I— 1  M 
C+  £  C+  «+  t+  c+ 

2  2  2  2! 
n  a  *t  ►*  a  a 

aaaaaa 


MMMMH'f-'MK* 


^  *«3  *0  hri  *J 

»■»•  H-  R-  R  hT 
H  ^  P  M  w 
«*•  <+  S  H-  t+ 

5  §  §  Q  Q 

aaaaa 

?V5  to  ro  ro  ro 


£ 


o  o  o 
o  o  o 

3131 

®  »  o»  a 

oooo 
a  a  a  a 


o*  o'  b*  o'  o' 

H-H-PH-H- 
(+f+ctrtl+ 

5  2  9  re  »  n 

Q*  &  S?l  &  fX  & 


Q\\si  js-u)  r\>  f_> 


O 


on\3»  \n  a"w  ro  m  ft 
a 
o 
H 


O 

o 


3 


_  ° 

O  0) 

ap 

2 
in  a 


p* 


o' 

p* 

d- 

O 

4 


M 

E 


M 


o  O  (-•  O  O  Q 

•  •  *  •  •  * 

M  O  H  O  O  O 


O&OOOOOOO 
••*♦*•*# 
ft)vi  O  O  fC  ft)  o 


2 
*-b 
H-  R 
3  • 

• 

£S 

a 

c 

*Tl 


'Table  19 

Beuiled  Theraal  Stability  Data  for  Corrosion  Inhibitor  Trsated  fuel. 


Table  20 


Lube  Oil  Additive  Analysis  by  Infrared 


Run 

Before  Treat 

After  Treat 

1 

0.024 

0.0 

2 

0.022 

0.0 

Table  21 

Effect  of  Antistatic  Additive  on  Thermal  Stability 

Preheater, 

Diff.  Pressure 

Fuel 

max  code 

in.  Hg 

1 

JP-6  with  no  additives 

1 

0 

2 

Fuel  No.  1  with  antistatic  additive 

3 

1.2 

3 

Fuel  No,  2  after 

reclamation  filter 

1 

0 

Table  22 

Recommended  Fuel  Flow  Rates  for  Filtration 

Unit 

Pressure  Drop, 

lbs /in2 

Fuel 

Viscosity 

Max  Flow  Rate, 

Filter  Bed 

Depth 

Type 

at  77  F.  cs 

gals /hour /ft2 

6  ft. 

16  ft. 

24  ft. 

JP-4 

0,921 

400 

8 

19 

28 

JP-6 

1.326 

375 

12 

28 

42 

JP-5 

2.142 

350 

21 

49 

74 

Diesel  3.109 

315 

28 

65 
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Appendix  I 

Detailed  Thermal  Stability  Data  for  Reclaimed  Fuels 
ASTM-dBC  Comparative  Ccker  Ratings  (450/550/6) 


Reclaim  Bo. 
1 
2' 

3 

4 

5 

6 

7 

8 

9 

10 

11 
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A  -  Degraded  fuel  as  received 

B  -  Treated  fuel  iaaediateiy  after  reclamation  filtration 
C  -  Treated  fuel  six  months  after  reclamation  filtration 
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Appendix  II 

Threshold  Thermal  Stability  Data 

ASTM-CRC  Coker  Ratings  by  the  Aero  Propulsion  Laboratory 
on  Reclaim  Nos.  1  Through  10 
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Storage  Stability  Data  of  Unfiltered  Fuels 
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laboratory  Procedures  Used  for  Physical  and  Chemical  Testing 


Federal  Std# 

_  Test _  Ho.  791 

Gravity,  API 
Distillation 
Saybolt  Color 
Freezing  Point 
Viscosity 
Particulate  Matter 
Existent  Gum 
Potential  Gum 

Water  Reaction  Index  3251- 

Water  Separometer  Index  3255 

Water  Separometer  Index 

Modified  3256 


Moisture 


Specific  Heat 

Net  Heat  of  Combustion 


Aniline -Gravity  Product 

Corrosion 
Sulfur,  Mercaptan 
Sulfur,  Total 
Doctor  Test- 


ASTM 

Standard  _ Others 

D  287 
D  86 
D  156 
D  1477 
D  445 
Proposed 
D  381 
D  873 


D  1364-62 
Vol.  II 

Calculated 

National  Bureau 
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D  6ll 

D  130 

D  1323 

D  1266 
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Federal  Std.  ASTM 


Twit 

No.  791 

Standard 

Others 

Axtmtics 

o  1319 

Qlefina 

D  1319 

Smoke  Point 

D  1322 

laphthalene 

D  l34o 

Copper 

AQRCO  (Photometric ) 

T*mtne 

Monsanto  2521-2 

Iron 

AQRCO  (Photometric) 

ACRCO  (Photometric) 

Nitrogen,  Basic 

Sinclair 

Nitrogen,  pyrrole 

uop  276-59 

Oxygen,  Dissolved 

Phillips  GC 

Peroxide 

Louisville  Neoprene 
lab  #5-17.08 

Sodium 

AQRCO  (Emission) 

Sulfonate 

California  Research 
Corporation 

Phenol 

Shell 

Saponification  lUaber 

D  939 

Thermal  Stability 

D  1660 
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Bacteriological  Procedures 


A.  Culture  Propagation 

In  order  to  propagate  the  quantity  of  both  bacteria  and  fungi 
necessary  to  inoculate  adequately  15-gallon  drum  samples ,  sub¬ 
cultures  were  prepared  using  for  the  bacteria  Bushnell-Haas 
liquid  medium  with  JP-6  (sterile)  overlay  and  nutrient  broth 
(see  Table  J).  Tor  the  fungi,  both  Bushnell-Haas  mineral  salts 
liquid  medium  with  JP-6  overlay  and  Sabouraud’s  liquid  medium  were 
used  (see  Table  8).  These  subcultures  were  allowed  to  incubat0  at 
37  C  for  several  days  prior  to  their  inoculation  into  the  fuel. 

As  the  growth  rates  shown  in  the  tables  indicate,  the  bacteria 
proliferate  more  readily  in  a  mineral  salts -Jet  fuel  environment 
than  the  two  fungal  species. 


B.  Fuel  Inoculation,  Sampling,  and  Culturing  Procedures 

1.  Isolation  cf  microorganisms 

Each  subculture  was  isolated  from  the  liquid  culture  medium 
by  means  of  decantation  and  filtration.  The  suction  of  the 
filtration  assembly  was  released  when  approximately  30 
milliliters  of  organism-containing  medium  remained.  To 
preclude  aerosol  contamination,  the  apparatus  was  covered  with 
foil  and  moved  to  the  reclamation  filter  pilot  plant  units. 

2.  Actual  drum  inoculation  procedure 

Prior  to  inoculation  of  the  JP-6  with  the  microorganisms ,  a 
stream  of  cylinder-nitrogen  was  delivered  through  a  fritted 
agitator  into  the  fuel  with  such  velocity  that  the  fuel  was 
mixing  violently  at  the  time  of  inoculation.  At  this  point, 
the  microorganisms  were  emptied  into  the  fuel  and  allowed  to 
circulate  for  five  minutes  prior  to  sampling  of  the  inoculated 
15-gallon  drum  of  JP-6.  Figure  28  shows  the  inti  rate  dispersion 
of  the  bacteria  in  the  fuel. 


1  Mi 111 pore  pyrex  filter  assembly;  0.45  micron  pore  diameter,  type  HA 
filter. 


110 


3«  Sampling  procedure  for  inoculated  drum 

A  one -quart  sample  was  siphoned  from  the  inoculated  drum 
through  sterilized  tygon  tubing  into  a  sterilized  quart 
bottle .  This  was  returned  to  the  bacteriological  laboratory 
for  culturing. 

4.  Isolating  and  culturing  procedure  for  samples 

Aseptic  conditions  were  maintained  in  the  laboratory  at  all 
times  and  elsewhere  during  the  course  of  this  project  as 
required.  She  quart  fuel  samples  taken  at  various  points 
(see  Sanple  Schedule,  Table  9)  were  filtered  through  a  0.45 
micron  ML  Hi pore  filter.  Bach  empty  sample  bottle  was  rinsed 
with  four  25 -milliliter  increments  of  sterile  water.  These 
incremental  washes  were  added  to  the  respective  Mi lli pore 
filtration  assembly  and  auction  applied  to  aid  in  drawing  the 
wash -aateria  1  through  the  cellulose  filter.  Finally,  the 
Ml  lli pore  cellulose  filter  was  carefully  placed  in  previously 
sterilized  petri  culture  dishes  containing  the  appropriate 
medium  to  optimize  growth  of  the  organisms  sought.  (Sabouraud’s 
liquid  medium  in  the  case  of  the  fungi  and  Bushnell-Baas  mineral 
salts  in  the  case  of  the  bacteria.)  These  were  incubated  at 
37  C  for  fourteen  days. 


C.  Culture  Examinations  and  Determinations  of  Results 
1.  Visual  examination 

Visual  examinations  were  made  daily  and  a  Jog  kept  of  the 
presence  or  absence  of  biological  growth.  These  inspections 
revealed  that  fungal  growth  could  be  detected  within  24  hours. 
Following  a  72 -hour  incubation  period  of  a  Hormodendrum-species 
(fungi) -inoculated -drum  sample,  approximately  two  hundred  and 
fifty  colonies  were  counted.  Figure  25  shows  the  culture  of 
these  fungi  through  the  test  sequence.  The  control  sample  and 
the  sample  following  the  reclamation  filter  (designated  as 
number  3),  show  a  complete  absence  of  fungal  growth;  whereas 
number  1,  which  is  the  inoculated  drum  sample,  and  number  2, 
the  fuel  following  the  chemical  dryer  section  of  the  unit,  show 
250-  and  12 -colonies,  respectively.  (The  fungi  grew  at  the 
fuel-culture  medium  interface  while  the  bacteria  dispersed 
throughout  the  culture  medium  phase  only.)  Visual  inspection 
for  bacteria  was  less  successful  since  approximately  forty- 
eight  hours  were  necessary  to  produce  turbidity  within  the 
Bushnell-Baas  medium,  great  enough  to  assure  positive  or 
negative  identification.  It  was  therefore  decided  that 
microscopic  checks  were  more  reliable  in  this  area. 


Ill 


2 

2.  Optical  microscopic  checking  procedure 

One -inch  "by  three-inch  slides  were  prepared  using  various 
stains  to  accentuate  contrast  between  the  cell  walls  of  the 
microorganisms  and  their  background  which  in  turn  produced 
better  photomicrographs.  Loeffler's  staining  procedure  proved 
to  be  adequate  for  this  application. 

Optical  microscopy  was  found  to  be  adequate  for  determination 
of  the  presence  of  both  bacteria  and  fungi.  .Electron  microscopy 
was  also  utilized  both  because  it  is  more  definitive  and  because 
it  provides  a  means  of  double  checking. 

3*  Electron  microscopic^  checking  procedure 

Nickel  grids  were  covered  with  the  culture  in  question  by  means 
of  a  looped  inoculating  needle.  These  grids  were  then  scanned 
in  order  to  detect  micronic  and  submicronic  particles  in 
addition  to  microbiological  contaminants.  This  served  a  very 
useful  purpose  of  not  only  revealing  the  fuel  to  be  compietely 
free  of  bacteria  and  fungi  following  the  reclamation  filtration, 
but  also  to  be  virtually  free  of  extraneous  matter  of  all  types. 
The  electron  photomicrograph  7500  X  magnification  enhances  the 
cell  wall  differentiation  and  enables  the  viewer  to  obtain  a 
better  concept  as  to  its  cellular  structure. 


2 Leitz  Ortholux  microscope,  maximum  magnification  (oil)  1225  X. 


3  Phillips  Electron  Microscope,  Model  75 
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